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Preface 

tUhe conditioned reflex is a central physiological phenoiaenon 
in the no3?!!]al work of the cortex of the larger heaiispheres. (IHj 
H ereafter referred to as the cerebral cortex,) Proceeding from this, 
the iwia the eieetrOpli^Bi.Oiwgiqai »tuQy oi the 

can be fonmalated in approximately the following imyr to study on 
the basis of bioelectrical expressions of activity of cortical neurons 
those inner nerve processes \d 1 l 0 h are the basis of the conditioned- 
reflex activity, (Footnote: Adrian thiidts that. "the nscha^^^ 
of the conditioned reflex cannot be determined In terms of neuron, 
syaapse, and impulse* " (Adrian, 1938). ^Phe conditioned reflex is a 
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reflex to be realized throu^^ teiaporary connection, i.e. this is a 
physiological phenojuenon that has definite structural foundations, 
and certainly the mechanism of conditioned reflexes can be disclosed 
by physiological methods of investigation (see Pavlov, 1932, 193^; 

Beritashvill, 1953). On the other hand, in tlie opinion of Walter, 
this is only a question of technical refinements in order to be able ^ 

to observe in the form of electrical discharges ideas that arise in 
the brain of laan (Walter, 1952)* Of course, this notion Is not 
correct, liiihking cannot be expressed as adequately ideal in 
bioelectrical potentials of brain tissue and cannot be reduced to them, ) 
Apparently the oscillographic method giving an opportunity for 
direct observation of the nerve processes must play an Incomparably 

0 

greater role then the method of extirpation and the method of 
electrical stimulation, even in case it is limited by the use of 
bioelectrical phenoriKsna as such In the objectives of investigation of 
the nhvaielc-glosl functions ol the cerebral cortex, the question of 
the essentiality of the nature of these potentials, i,e. whether 
temporarily It is not to be regarded as the physico-chemical bases 
of these potentials, being put aside. Indicative of this are the 
large-scale discoveries made during the last 25 years, after the 
well-known paper of Samoilov (1930), in the field of the physiology 
of the spinal cord, as well as the quick accumulation ef fects on 
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the electrophysiology of the cerehraX cortex. 

Having set as lay purpose the nee of the oscillographic ipethod 
for study of conditioned-reflex activity^ I resolved to carry out a 
whole prelifflinary series of inveBtigatlons in conditions of pointed, 
lingering experlaents on narcotized and on noriaal anliaals and to 
study hioelectricol reactions of the cerebral cortex arising during 
its direct electrical stiamlation and at stiiBuiation of the receptors 
or the corresponding nerves, ^ese reactions h^ve been insufficiently 
studied even in conditions of ingenious experiiaents, and on normal 
animals they have not been able to be recorded until very recently. 

As to the origin and physiological importance of these reactions, 
there Imve been a number of hypotheses, often contradictory. It is 
necessary to think that only after solving these problems will it be 
possible to proceed to oscillographic investigation of the conditioned- 
reflex activity of the cerebral cortex. 

The work presented is experimental, and little space is assigned 
to eOBsiueratloas not based directly on facts, So _gc^l has been set 
to give a systematic literary survey of all that has been done in 
the sphere of 1^e electrophysiology of the cerebral cortex. Special 
attention has been allotted to clarification of certain complex, 
debatable questions. Although each cycle of the Investigations issued 
from the preceding and the separate parts of the work have logical 
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coimection Mith one another, it is difficult for them to appear 
naif led under a conaaon designation. In Part I the results are 
presented of pointed experiments on narcotized animals. In Part 
II (not in this book) the results vill be presented of experiments 
on nomial animals* 

I consider it a pleasant duty to express profound thanks 
to my instructor, Academy Member I.S. Beritashvili, for the 
interest which he showed in my work and for his valuable instruction 
and advice, and to Professors H.B. Dzldzishvili, A.B. logaa, P.O, 
Makarov, S,P. Ifarlkashvili, and S.I. Khechinashvlli for the valuable 
critical coaa®snts made by them at reading the manuscript. 

0 Chapter I 

Certain Data Prom the llectrophysiology of the JTervous System 

♦nr n M ' * . ^ ^ ^ - - i . - 

.TiiiWii ww Hssixytsxo ui line oioexecuricai reactions 

of the Cerebral Cortex 
1, Hegioml Ixcitation and Local Potential 
The School of Physiology, Leningrad University, contrary to 
the prevalent principle of "all or nothing", has permitted various 
modifications by which the state of excitation can be expressed 
(see Ukhtomskli, 1939-ifO), According to the concepts developed in 
this school, excitation does not obligatorily make off in the form 
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of a vava from tho region of its origin. In certain conditions it 
may keep to tlie place of origin for a more or less long tine in the 
form of a fixed, regloml excitation, ready to flare up in the form 
of an excitation wave (iJkhtoinskii, 192 ?, 1932, 1939*^0) • Yet 
Ghagovets ( 1906 ) for purely theoretical reasons recognized the need 
of a preliminary regional potential for the arising of spreading 
excitation. Srlanger and Gasser in 1937 wote that the electrotonic 
potential is a certain unique electrical phenomenon which precedes 
(at electrical irritation of a nerve) the current of spreading 
excitation ("peak"), 

The electrotonic potential that arises at electrical irritation 
of a nerve is connected, as supposed, with the capacitative properties 
of the fibers (Erlanger and Gasser, 1937; Hodgkin, 193^). fb® 
electrical potential quickly (after 50 microseconds) reaches a 
‘^mximum and is esponentlaliy eitiapisl^d, ^ its ch^rastgristios 
should be added that It grows in proportion to the intensity of the 
stimulating cumnt, that at reversal of the. terminals of the 
stimulating current it changes its sign, that temperatwe changes 
hardly affect it, and finally that it radiates with logarithmic 
decrement along the nerve fibers. 

The local potential of the nerve fiber was recorded in 193® 


by Hodgkin. He was unable to discover tlie local bioelectrical 
potential in the nerve as a whole because of the very strong 
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polarization developed by all fibers and msiting the local responses 
that arise in certain fibers at subthreshold stimulation. He 
succeeded at this for Isolated nerve fiber of crab. This fiber, 
which had a diameter of 23 mlcronai was deprived of the n^^elin sheath 
that also had a positive side, since the polarization potential is 
expressed more highly and radiates considerably further in medulla ted 
fibers. The fiber was stretched with two pairs of forceps and placed 
on three electrodes: one stimulating and two deflecting. At gradual 
intensification of the irritating stimuli (the cathode on the fiber) 
the following phenomena were observed* 

At very weak stimulations only polarization arose, ^fhen the 
energy of the stimulation equaled approximately 0,5 of the threshold 
(for provocation of spreading excitation), then the potential 
changed its character: the regular exponential cturve was complicated 
by supplementary fluctuationj the potential being recorded was a 
combination of catelectrotonus and local potential. At subtraction 
of the polarization potential from this total potential, it is possible 
to determine the character of the local potential: it quickly increases 
(for a period of 0,87 milliseconds), then gradually dies, lasting about 
1.0 lailUsecond (rig, I, textpage 6: Local potential of nerve fiber. 
Bioelectrlcal potentials are recorded that arise in the nerve fiber 
(of crab) around the irritating electrode; stimulating is an electrical 







Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6 


impulse of short duration, Becordings A and B vlth irritability 


energy of 1.5 conditional units: A is the stimulating cathode 


electrodej B is the sttoulatlng anode electrode, Becordings C and 


D are vith an energy of 1.0} E and f are with an energy of l.O over 


a certain time, with reduction of the excitability: E is the 


irritating cathode electrode, F is the anode. 0 and H are with an 


energy of Irritahlllty of 0.6l. 


In the lower illustration recordings E and F ere presented in 


enlarged formj the cathode polarisation potential is indicated by 


dotted line. The a is the curve of the local potential, obtained 


after deduction of the polarisation potential from the total effect 


at the cathode (Hogkln, 1938).). 


At intensification of irritation the local potential was 


increased and became somewhat more proloagsd, l.e. the as®lltude of 


the local potential is gradmted_ in connection with tV® change of 


of gtlmulatioitL 


to the ea5)lit«d© of the local potential reached 15-20 


lilllwltB (i.e. 0e3 of the current amplitude of the spreading 


excitation), then it oTerincreased into an excitation current 
that w expressed in the arising of a tw-phase potential (40-60 
millivolts); the excitation spread along th^iher and^ passing 
under the first deflecting electrode, reached the second (Fig, 1). 
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lljie peak at first has the same course as the local potential j 
the local potential overincreases into a cwrent of spreading excitation 
usmlly when it reaches its suraaiit, t,e. the peak arises approxisetely 
0.3 aiilisecond after the moiaBnt of stimulation. Thus, the latent 
period of the excitation current (spreading) is determined hy the time 
that is necessary for the local potential to reach its As 

for the latent period of the local potential in response to the 
electrical stimulation, it is extremely small and eguale 50-80 micro- 
seconds ( 0 * 05 - 0.08 millisecond). 

The local potential spreads along the fiber for a distance 
of seveiral millimeters , It spreads further than the polarization 
potential, Hod^in assumes that the mechanism of local-response 
spread (regional excitation) differs substantially from the spread 
of the polarization potential (the electrotonus). 

Katz m& able to detect local potential in the fibers of wliole 
sciatic nerveef frogj its duration proved e(iual to 0.5-0* 6 millisecond 

(Katz, 19*^7). 

Castillo and Stark ( 1952 ) on Isolated motor-nerve fiber of the 
sciatic nerve of frog recorded a local potential at subthreshold 
electrical stimulations of the fiber. 3he period of the local potential 
of the medullated fiber profved e^ual to 0.4-0. 7 millisec(3ndj spreading 
excltatlpn arose at attainment by the local potential of an amplitude 
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equal to X/k of the ang^Utude of the ©ffectl^ current. Excltahllity 
fluctuatipuB ( ’'spontanepuB”) were ffer greater than in the aaayellmted 
fiber. Aecoi'ding to their data, the local potential at electrical 
stiiBulation of ieolatsd fiber arises in the regie® of Kanvler's node 
and is recorded Just from Raa7ier*8 node and not from the Intemodal 
section. 

Finallyi local potentials were detected in myelinated fibers 
of spinal-cord roots of cat (Bosenblueth and Bamos, 1951 )* At 
repeated subthreehold stimulations with the intervals between the 
stimulations equal to 0,1-0,S millisecond the phenomena were detected 
of the summation of local potentials] during certain conditions, with 
a certain intensity of stimulation, and after a certain number of 
repeated stimulations, the effective emission current arose. 

On the bssls of a sti;^ of the chaageg of excitability at 
differeut points of the serve after appllsation to the of a 
subthreshold shock of stimulation it was concluded that in nerve 
fibers of frog the regional process of excitation spreads with 
decrement to a distance of up to 9 wa. from the place of stimulation 
(Khraev, 1938 ] Fudel ‘-Osipova, 1953)* 

According to the data of Fudel* -Osipova (1953)> the increased 
excitability in Utm nerve of frog after application of subthreshold 
shock of stimulation lasts 1.5**4- milliseconds. Thus, from comparison 


’fuam ’-^l 
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ot tiie data of Oestlllo and Staxt and of Fudel '-Osipova, it can be 
conclnded that increased excitability after Bttbthresbold shock of 
stimulation lasts longer than the local potential. After the phase 
of increased excitability there Is observed a short-term phase 

ffl'^i ^ieeconds) of reduced excitability j in addition, 8-10 
milliseconds after return of the nerve to the initial functional 
state a nev period of increased excitaticm is observed, Ms 
period of increased excitability lasts 4-6 milliseconds, i,e, it 
is more prolonged than the first, but, in addition to that, the 
degree of excitability Increase is considerably less. It should 
be noted that the sequence changes of excitability in the nerve 
that set in after the spreading excitation have, as known, a definite 
electrical expression In the form of sequence potentials (Torontsov, 
19261 Srlanger and Gasser, 1937) J it Is stlU ia^ssible at present 
to link the sequence fluctuations of excitablUty after regi^l 
excitation of a nerve, Itolse detected by Fudel’ -Osipova, with 
certain bioelectrical phenemiens, since after the local potential 
in the nerve fiber no sequence potentials were recorded. 

Several hours after the operation of the fiber removal and 
after lengthy experimentation with it, It loses the capacity to 
give spreading excitation - only a local potential arises at the 
time of any energies of stimulation, then the stimulation causes 
only the polarization potential (Castillo and Stark, 195^) • 





Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6 



Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6 





Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6 



• 12 - 

to the principle of /’all or nothing”, have clasheci vith insunsountahle 
difficulties. 

At the present tira© it dan he cansidered demonstrated that the 
slow biopotentials do not consist of q.uick axcaiic action currents but 
represent a special type of activity (Benshav, Forbes and Mori son, 

1940; Li Choh-Luh and Jasper, 1953) and that slow fluctuations of the 

I 

biopotential in the central nervous system are the sum-total expression I 

of elementary local potentials* Ihese elementary local potentials 
arise in the bodies and dendrites of the nerve cells in the region of 
the synapses under the action of the impulses of excitation of the 
synaptic terminals (Beritov, 19^5/ 19^9; Bremer, 19^9)* 

The local potential expresses a regional, local excitation 
that arises in the neuron element under a synapse, (Footnote: ISccles 

I 

uses the term "synaptic potential”. However, it should be recognised, i 

indeed as Beritov, that once this potential does not express the 
excitation of the synapse and expresses regional excitation of the 
cell, then it is unfitting to designate it a synaptic potential, 

There has remained for these potentials the desi^tion "local potential", 
which will be used throughout the present work. ) Begional excitation 
and the local potential corresponding to it are characteristic only to 
central nerve elements as spr^dlng excitation and the current of 
action (|ieak) corresponding to it for the fibers of the peripheral 


Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6 





SanitizedCopyApprovedforRejease2010^01^11^CIA^ 


•^ 13 - 

n^rve, in nkich, as we have seen, the regional excitation arises 
only during , certain conditions of e3qperiB»ntal reaction. 

As was said, the local potential in the medullated fibers 
lasts 0.5-0, 7 millisecond and in the demyeUnated 1-2 lallliseoonds. 

In the neurons of the spinal cord the local potentials have a 
considerably longer duration. From the gray natter of the spinal 
cord of cat in the region of the posterior horn (segaent lambda^) 
by needle electrode there were deflected, in response to threshold 
stimulation of the tibial nerve, biopotentials the shortest duration 
of ^ich equaled 12 milliseconds (Berltov, Bakuradze and Koitbak, 

19 ^ 8 ). from the anterior horn of the spinal cord of cat at stimula- 
tion of the corresponding motor nerve biopotentials were deflected 
with a duration of 10 milllsectnids (Brooks and Iccles, 1948). ‘The 
greater length of the slow potentials, recorded from the posterior | 

horn, is probably expltinaijioJ^by the fact that in the cells of i 

the posterior horns the local potential lasts longer than in the 
motor neurons, but by the fact that at stimulation of the tibial 
nerve a less synchronous discharge of impulses proceeds to the cells 
of the posterior horn than to the motor neurons in case of stimula- 
tion of the motor nerve containing fibers similar in conduction rate, 

Ihis probably stipulated a certain tentative sumnation of local 
pot^tials in the cells of the posterior horns, Which was expressed 
la the fact that slow potentials were recorded of somewhat greater 
duration. Moreover, Sccles used a more slender microelectrode, Jdiich 


-Mia- ”--89* 






also should play a daftoite role in the result of the experiment. 

Beceatly there has been success in effecting intracellular 
iatrodmticn of the discharge aicroelectrode into the laotor neurons 
of the spinal cord (Brock, Coonbs, and Iccles, 1952). In response 
to stimulation of the corresponding motor nerve from the motor 
neuron local potentials were discharged with a duration of 10 
mllllfieconds. 

Qul^^ potentials. At the carrying off of biopotentials from 
the central nerve formations g.uick potentials are also recorded. 

The length of their sequence is from 0, 5-1,0 millisecond, but, 
when they flow together, more prolonged fluctuations can arise, 
the ccaiplex character of which Is discovered at quick survey. Quick 
potentials arise at excitation of the afferent fibers, their collaterals, 
and evidently the synaptic tersdnals during excitation of the axons 
of the intermediate and efferent neurons. They also arise during 

the discharge of the cells themselves (Eccles, 19531 Jasper, 

1953 ). The frequency of the quick potentials, i.e. of the ia^ulses 
of excitation in the axon of the pyramidal cell of the cortex, can 
during strychnine poisoning reach 50 O- 9 OO per second (Adrian and 
Moruzsi, 1939) • 

Slectrlcal potentials arising In the central nervoussystem 
during regional excitation and during spreading excitation of its 
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neuronic eleiaents are not epiphenoaena devoid of pbysiological signifi- 
cance, Wltbi regard to the current of action attending the spreading 
excitation, this does not require special explanations if it is assumed 
that the excitation spread along the nerve fibers proceeds by losans 
of the current of excitation and that the transiaission of the excitation 
from (me neuron to another neuron likewise proceeds by means of the 
excitation currents of the synaptic formations (see bkhtomskii, 1939 - 
kOi Beritov^> l9kB} Socles, 19^6, et al,). (Footnote? For the question 
of the mechanism of transmission of excitation, Jxist now not much can 
be added to what Mslavskli wrote more than 50 years ago? ^'Fimlly, 
it is difficult to deny the possibility of the development of any 
ichemical irritant at the point of contact of the terminal nerve 
appaaratus with the matter subject to excitation, but at not having 
any factual data it is also difficult, if not even more difficult, 
to prove it* hypothOoit of electrical action or discharge has 
for itself a more tangible backing*' (Mislavskil, 1895) •) 

TO lo<5al potentials is now ascribed an extraordinary role in 
the mechanism of the activity of the neurcRiic elements. Of course, 
if the very iii^rtant physiological importance of the biocurrent that 
arises during spreading excitation is recognized, then already a 
priori it is necessary to recognize the physiological Importance of 
the biocxirrent arising during regional excitation. 
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At obeervatlon of the hioelectrical in the central 


nervous system m m into two pheamaem stipulated by the local 


potentials in the neuronic el^ats. 


When a local potential arises in the cells, then an ©lectrotonic 


Inaction arises, first In those fibers ^ich are axons of the activated 


neurons and secondly in those fibers which termlmte with synapses at 
these neurons. Ihe electrotonus spreads along the fibers with decrensent 


and during certain conditions can be detected (fn»a the roots of the 


spinal cord) at a distance of up to 10 mau in the form of a negative 


bloelectrlcal potential, thus, the local potentials of the nerve cells 


can stipulate the phenomenon of the physiological electrotonus of the 


nerve elements. 


However, there were also observed electrical phenomena of another 


character that did not attract to themselves special attention, namely 


at the arising of regional excitation In the cell from the axon a 


optic nerve a negative potential was discharged from the electrode found 


in the outer geniculate body at the level of the layer of cellular 


bodies j a positive potential at this time was discharged from the 
electrode found at the level of the axons of these cells (Bishop and 
O’Leary, 19^3)* Perhaps these electrical phenomena which we still 


run into are phenomena essentially like secondary electrotonic changes, 
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the peri-electrons (sici -should he pexl-electrotoni?) (Tvedenskll, 

' 1920), (Footnote: According to the data of fieri tov and Boithak ( 195 ^); 
in the electrotonic and peri-electrotonlo spheres of the nerw trunk 
potentials of opposite sign arise. For exasiple, at coapletion of a 
descending current at the cathode a negative potential is registered 
that gradually weakens at removing the deflecting electrode from the 
cathode. Finally, at a certain distance it stops being registered. 

If too the electrode is removed still further, then at completion 
of the current a positive potential of considerable amplitude is 
registered, and this sphere of the peri-electrotonus extends for a 
considerable distance. ) If this is so, then it is possible to make 
the following conclusion: local potentials arising during regional 
excitation of nerve cells can stipulate electrotonic and peri- 
elec trotonio phenoiaena in neuronic elements. 

■ Is there the possibiXilf of mfbrrlng certain of 

the biopotentials to certain neuronic elements? 

to first connection between the data of osclUography and the 
data of morphology was established when it was succhssfulXy discovered, 
on the basis of oscillographic amlysis, that nerve trunks of different 
diamter i^roduce at excitation blocurrents of different length and 
that the spread rate of these bioeurrents (i.e. the excitations) is 
different for fibers of different sise. to Quick-ccmduction fibers 
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proved to Tsje fibers of larger diameter (the A-fiber), the slow- conduction 
fibers were the thin C-fibers (Manger and Gasser,. X93T)« 

fhe establislnseat of a second such connection was possible as a 
result of investigations of the Moelsetrical potentials of the spinal 
cord* 

3 . Souk Sata of the Electrophysiology of the Spinal Cord 

Ca^al discovered that the posterior-root fibers are connected 
with the motor neurons of the corresponding slde^ first inmiediately 
through direct collaterals and secondly througii intermediate neurons 
(Cajal, 1893a), On this basis Bekhterev concluded that, correspondingly, 
the spinal-cord reflexes can be accomplished in a twofold way: the 
nerve Impulse can be transmitted directly to the a»tor cell of tlie 
anterior horn or the nerve iit^ulse be transmitted to the intermediate 
Muron, which in its turn directly or by means of another intermediate 
HBUWtt tiMBBiiiS to mtor Muron (Beklitsrev, 1898), 

s ■ At the beginning of this century it was found that coordination 
of the reflexes is realised in the posterior, half of the spinal cord, 
which is very complexly organised, and that the cells of the posterior 
horns in a number of properties, for instance in sensitivity to 
strychnine, are distinguished ifom cells of the anterior horn (Beritov, 
1910; see also Pavlov, 1912-13). ^ fi»e morphology of cells of the 
anterior horn and of cells of the posterior horn is different; the 
cells differ in size and shape, as well as in distribution of synaptic 
terminals on them (Choloka^vili, 1953). 
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As a resalt of oselll6gra]^ic investigations on cats, it ms 
found that direct effect on the Motor neisrons is realized through 
the thickest (12-20 lalcrons) and that the qtulck-conduction fibers 
connected with the proprioceptors of the lauscles, i.e. direct 
pos|erlor-root collaterals leading to the saotor neurons, were shown 
to have their origin from the proprioceptive fibers* !Qie interaedlate 
neurons engage in the action under th® influence of impulses from 
fibers connected with the cutaneous receptors (l»loyd, 1943a, 1943h)* 
(Footnote: Bazdol'skii in 1924, on the basis of a comparison of 
the physiological characteristics of the tendon and cutaneous reflexes 
from neurological data, came to the conclusion ’’that tendon reflexes 
are realized by two-neicron reflex arcs, and that cutaneous (reflexes 
are realized) by the triple cutaneous and the polyneural”, ) 

During the carrying off of biopotentials farom the anterior 
and posterior roots of the spinal cord gray-matter potentials are 
disclosed (Mlslavskll,. 1894), which are electrotonically carried out 
along the root fibers (Barron and Matthews, 193Q)« observation 
of these biopotentials it was imjst beneficial to place the root on 
the discharge electrodes so that one discharge electrode (’’active”) 
was in the cerebrum itself, but did not affect it, and the second 
was as far as possible from the brain* After Barron and Matthews 
this method was used by Bonnet and Brenisr (193S-1950), Beritov and 
Boitbak ( 1947 - 1950 ), Vorontsov (1949, 1951)# Secies (1946), Eoitbak 
( 1950 ), Fuortes (l95l)# Kostiuk ( 1955 )# and others. 
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I’rom the anterior roots^ i.e. from the axons of the motor 
neurons slow electrotonic potentials are registered that have been 
stipulated hy the local potentials of •ttie motor neispons. Apparently 
the electrotonic reaction of each axon is the coasetuene© and 
e^x-ession of the local potential > namely of the cell from vhich 
It took its heglnnii^* 

When the motor neurons are activated only by e^Jitation 
impulses from the direct posterior-root collaterals (for instance, 
at stimulation of the muscle nerve or at threshold stimulation of 
a mixed nerve or of a posterior root) , then the following electrical 
effect is registered from the anterior root: a certain time after 
the stimulation artefact a quick potential arises, after which a 
negative slow potential follows. The initial quick potential is 
the consequence of a relatively synchronous discharge of afferent 
impulses and expresses the excitation currents of the presynaptic 

fibers and of the synaptic tenDdnals of dii-ect posterior-root 

§ _ ■ . 

collaterals In the anterior horn, being electrotonically carriet ^ 
along the anterior-root fibers (Beritov, 19^6, 1^9h negative 
slow potential es^resses local potentials in motoneurons, arising 
below the synapses of the direct posterior-root collaterals, 

A large number of synapses are on each motoneuron of the 
anterior horn. After 100 of them are counted on the body of the 
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isDtpiieurcm of th€ splsial cord of cat (Cholokashvlll, 1953)* 
averap size is 1 licroii (Saggar and Barr, 1950)* iipparently not 
devoid of playsiologlcal iraportance Is the fact that synapses are 
arranged on the surface of the laotonetoroa In the forw of separate 
foci that are in their nature “the synaptic fields” of the cell 
(2;uraha8hviii, 19^7), 

Excitation of one synapse is insufficient to arouse the cell 
and to he discharged to its It is lilcewise assuiaed that 

insufficient for this is excitation of several synapses that remain 
far from one another (lorente de Hd, 1938), Excitation of a 
motoneuron and discharge to the axon proceed when afferent iu^ulses 
conie simultaneously to a whole group of synapses arranged on the 
body of the cell in a certain proximity to one another. Otherwise, 
only regional excitation arises in the cell, with a local poteitial 
corresponding to it, as occurs in a nerve fiber at suhthreshold 
stimulation (Eig. 2, textpage 13: Local potentials of motoneurons 
of the spinal cord of cat. A: A aicroelectrode is introduced into 
the anterior horn in the region of a group: of motoneurons of the 
quadriceps muscle. A slow negative potential, 100 microvolts, 10 
milliseconds (Brooks and Iceles, 1948), is registered In response to 
a shcK^ of stimulation applied to the quadriceps nerve, fi; Potentials 
from the 8th anterior root in response to a shock of stimulation to 
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the 8th posterior root. The upper cume is record on non- 
aarcotized animal. The second and third curves are recorded after 
giving nefflibutal, 70 and 90 mg. (per kg. of uelght)> respectively, 

G (!S!lj B looks like a beta in Eussianj the 3^ letter of the alphabet, 
which I her© call C, locate like a capital B) ! The sanse carrying 
offj non-narcotized animlj the gastrocnemius nerve is stimulated. 

The upper curve is the discharge of laotoneurons, which arose 0.2 

millisec. from the beginning of the developent of the local potential. 

The lower curve is the effect of the Bame stimulation, but at the 

tims of a state of inhibition of the motoneurons caused by the 

preceding stimulation i only a local potential arises (Eccles, 1946). 
for all Illustrations stimulation artefact proceeds at first, then 
fluctuation stipulated by arrival of afferent in^ulses proceeds at 
first; after this fluctuation the local potential arises (in pure 
form or coi^Iicated by the excitation current of the motoneurons).) 
Thus, the arising of the discharge of the neuron assumes seizure by 
the excitation of a certain territory of the cell body, as for the 
arising of spreading excitation in a nerve fiber, seizure by regional 
excitation of a certain length of the fiber is required (Bushton, 

193 Ti l^akarov, 194?). 


In experiments with intracellular discharge of potentials of 
the motoneurons it was ascertained that the discharge of the motoneuron 
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proceeds at attainment of a critical amplitude of 10-12 milllTolts (l/lO 
of the amplitude of the peak potential of the motoneuron) by the local 
potential. It was concluded that at excitation of a synaptic terminal 
a local potential arises 1 mllllYOlt in magnitude; thus, for a discharge 
of the motoneuron to have set in, simultaneous stimulation of a 
minimum of 10 synaptic teirndnals is required (iccles, 1953), 

A ne^tlve slow pot^tial begins without an appreciable latent 
period after the initial quick fluctuation, usually still in the 
descending limb of the latter (for cat it begins 0,7 millisecond 
after the mon^nt of the arising of a quick fluctuation). Hence, it 
is possible to conclude that the local potential of the cell arises 
under the action of a biocurrent of the synaptic terminals with a 
negligible latent period, as in the nerve fiber in response to its 
direct electrical stimulation, l.e, with the latent period measured 
by fractions of a milliseG-o^? fact must serve as the 

arguraente in favor of the electrical theory of the transmission of 
an excitation from neuron to aeur<m, - 

2!he discharge of the ladtoneuron proceeds at the attainment of 
a certain critical magnitude by the local potential, i.e. by regional* 
excitation. The delay in the conduction of the excitation is stipulated 
by this circumstance and is determined by the time (2 'milliseconds 
and more) iftiich passes while the local potential that has arisen reaches 










this critlceX mgnitude (Ecclee, 1946). Tays, there is essentially 
the saiae pl]^noajenon as in the nerve fiheri hut different tiiae relation- 
ships. 

As has heen said^ duration of the local potential in the cells 
of the spinal cord of cat e^i®l8 10 lallliseconds. A hiopotential of 
greater length, of . the order of 15 allHseconds (the rising phase 
lasts 2.5 milliseconds), Is discharged from the anterior root, Ihis 
is explained hy the fact that at electrotonic "spread" of the cellular 
potentials the duration of the potential is increased, Its form is 
some^at distorted (Iceles, 1946), and its magnitude Is sharply reduced. 

When the motoneurons are stimulated, this is expressed 
osclllographically in this, that the slow potential is hroken and a 
quick hiocurrent of great aa^lltude arises (Fig. 2). Ihe slow potential 
at the time of the discharge of the motoneurons can only weaken. IMs 
needs to he understood m an expression of the that eieltatlos 
of only part of the activated motoneurons has proceeded. In those 
^ich were not stimulated, local potentials contihu© to develop and 
then to die out^ However, excitation of the motor axons can proceed 
even without the corresponding cells having been discharged: the 
fibers can be excited under the stimulating influence of currents 
stipulated by local cellular potentials. In this case the excitatiOTi 
ingjulses of the motor axons arise and proceed on the background of a 


'Nasw 
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slow potential (Beritov and 194Tb), 'SSm aaterlpr*root 

sxonle excitation currents la tlds case too arise at attainajent 
of a certain laagnitude by tbe slow potentials and dlsappeari in 
connection with prolonged stliulatlon^ when the slow potentials 
weaken to a certain lagniti^. !EhuS| the setting in of the anterior- 
root excitation currents depnds strictly on the size of the slow 
potentials (Beritov and Bottbak, 1950)* ® 

In the anterior roots of the cervical portion, from Which 
the diaitogm nerve proceeds, in connection with each respiratory 
cycle Ihere arise a slow negative potential {electrotonic reaction) 
and a group of quick (potentials). Ih© latter without decre^nt 
spread along the fibers of the diaphragm nerve. !Ehe slow negative 
potential arises according to the phase of inspiration and diminishes 
at the time of the expiration phase, Quick potentials arise mainly 
ofi the aBcending limb of the slow potential. „„Siey are lacking at 
time of the expiration phase (Gesell, Itaater, and UUle, 19^9). 

!Ihus, under the influence of ii?pul 0 ation ( sic.’ -impulse excitation?) 
from the respiratory center there arises in the motoneurons essentially 
the same bioelectrlcal reaction as under the influence of the afferent 
impulses. Intensified respiratory movements are associated with 
Int^ifled slow potentials and intensified discharges of impulses, 
and, contrariwise, at weakening of the respiration owing to previous 
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artlfielal hyperveBtllatlon, both components of the hioelectrioal 
reactl<ai weaken, !l!hii8, intensity of discharge arising periodically 
in the diaphragm nerve under the influence of the "in^ulsatloa” of 
the respiratory center proves dependent to a certain extent on the 
intensity of the slow negative potentials discharged from the 
corresponding anterior roots. 

It was well known, even at the time of Seehenov, that if a 
suhthreshold stimulation of certain intensity, i.e, a stimulation 
which does not cause reflex contraction of muscles, is applied to 
a sensory nerve, then it remains without effect on the reflex center. 

In experlaients on cat, if within 10-15 milliseconds after the first 
subthreshold shock of stisnillatlon a second analogous stimulation is 
applied, then it can cause a reflex (Greed and coworkers, 1932)* 1!he 
curve of suiwtion is identical, in form and in tiras relationships, 
to the slow potentials discharggd during these conditions of stlimilatlon 
from the anterior root (Lloyd, 19^6), (Footnote: According to Sceles* 
experiments ( 19 ^ 6 ), the summation curve in regard to provocation of 
the discharge of the motoneurons continues 10 milllBeconds, i,e, it 
continues for as long a time as the local potential lasts spontaneously 
in the motoneuron (see also Kostiuk, 1953).) Consequently, at applica- 
tion to one and the same sensory nerve of two excitation discharges 
with the interval such that the second discharge of impulses reaches 
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the fflotoneurone In the period of the regional excitation beginning 
in them^ response to the second discharge is facilitated. Ihus, 
regional excitation of nwtonewons has a relationship with the 
phencxaenn of facilitation and suionjBtion. It has a direct relation- 
ship with the laschanism of the arising gf excitation in^nlses. As 
* 

in the nerve fiber too, local potentials here are "foremnners” of 
spreading excitation current, (teclllographic investigetions have 
revealed the accuracy of the theoretical conditions, according to 
which there arises in the nerve cells regional excitation, which 
can be finely graduated according to incondng impulses and which 
can flare up in the form of an excitation wave (tSshtomskil, 192? >< 
1932 , 1939-40). On the other hand, the concept of the regional 
state of the central excitation, created by Sherrington and his 
school, has received confirmation. As known, according to this 
concept the central state of excitation arising in the motoneuron 
under the influence of the discharge of the stimulating afferent 
impulses grows over a period of several sigmas i'B: thousandths 
of a second), reaches a maximum, and gradually weakens further, 
lasting generally about 20 sigmas. The discharge of the motoneuron 
proceeds then ^en the state of the cential excitation reaches a 
certain threshold magnitude; the so-called synaptic delay is the 
time ^ch is necessary for the central state of excitation to have 
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reached this threshold mgaitude (Creed and coworkers, 1932). As 
m see, all phenomena iMch are found issuing from the hypothetical 
idea of the central state of excitation are explained on the basis 
of this nhich ms clarified hy tirect study of the local potentials. 

A long (about 100 milliseconds) positive sequence potential 
is recorded after a slow anterior-root potential, even if it (the 
latter) is not complicated by quick potentials or by supplementary 
negative fluctuations. At the time of this sequence potential a 
reduction is observed of the exci^bility of the corresponding 
motoneurons (Brooks, Bownman and Sccles, 195C). Thus, long resultant 
positive potentials arise after regional excitation of neurons and 
are associated with the reduction of their excitation. 

At Intensification of the stimulation of the nerve from the 
anterior root double bioelectric effects are discharged (fig. 3)! 
after the negative potential (or discharge) already considered, a 
second slow negatlvm potential (or discharge) follows. (Legend 
to Fig. 3, textpage ITi The biopotentials of motor neurons of the 
spinal cord of cat, which first arise under the influence of is^wlses 
fTcm the direct posterior-root collaterals and then under the 
influence of iBgpuXses from the intermediate neurons. 5he potentials 
are recorded of the anterior root of the spinal co 3 ?d of decerebrated 
cat, that arise in response to separate stimulations of the cutaneous 

f) . 


-^1 
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nerve of the corresponding side, A - weak stlimlation. B - strong 
stliBulaiion (Brooks and Fuortes, 1952)*) Saese data were eonflnaed 
by experiBients with intracellular discharge of potentials of the 
motor neuron: a second negative fluctt»tlcm arose at a certain force 
of stimulation of the sensory nerve. At Intensification of the 
stimulation the latent period of its arising was shortened (Bedes, 
1953 )* ^ duration and amplitude of the second slow fluctuation 
were very changed. It was established that the second fluctuation 
me connected with the activity of the intermediate neurons and 
expresses regional excitation of the motor neurons arising under 
the effect of impulses of excitation from axons of intenaediate 
neurons. Impulses from intermediate neurons fail to be registered 
from the anterior loot because of their asynchrcaious admission, 

®iis second ne^tlve fluctuation, which can be ccm^licated by 
especially powerful and frequent biocurrents of the anterior-root 
fibers, is characterized by the following properties; l) it arises 
only during good functioml state of the preparation^ S) it arises 
in connection with intensification, as well as in connection with 
repetitions of the stirmiiis it pows at repeated stlmulaticnigj 3 ) 
during prolonged stlmulatitai this fluctuation primarily weakens, 
i,e. this effect Is subject to quick exhaustion*! 4) this fluctuation 
and the discharges corresponding to it are extraordinarily intensified 



s 
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under the effect of 8trychxilii©i ^diereae the first ne^tive fluctmtion 
is not significantly intensified. All these peculiarities are 
characteristic to the Interaedlate neurons (Berltov, 1948), (* !0ie 
quick ejrhaustion of the intermediate neurons as compared with the 
ifiotor perhaps is dependent on the fact that the first are distinguished 
hy their coaparstively smll size, i,e, they contain a relatively 
sfflsll amount of protoplasm (MaXon, 1932) • 'fhere are facts indicative 
that nerve elements which contain a larger amount of the system being 
excited are exhausted later (Beritov, 1932)*) 

When the functional state of the spinal cord is poor and When 
any intensity and. frequency (up to 50 a second) of stiiaulation is used, 
only short-term slow fluctuations are recorded, expressing regloml 
excitaticm that arises under the effect of impulses from direct 
posterior-root collaterals (Beritov and Boitbak, 194Th; Iccles, 1946)* 
In the Intermediate neurons at this tiiae under the influence of the 
afferent impulses there also^riae only a regional excitation, local 
potentials which can he detected at discharge of potentials from the 
posterior roots. 

At discharge of potentials from the posterior roots, two 
incidents arc dietlnpishedi discharge frtna intact root and from 
the central end of secti^naed root. In the first case at stimwlstlon 


of the corresponding nerve at first a quick hioeleetrlcal c^onent 
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is registered, cossuaected vith the afferent iaq^tileeB that proceed 
along the root In qt^stlonj after it follows a slow potential 
connected with actlmtioa oi gray aatter of the posterior half 
of the cerehrm. Sse initial qtuick componait of the hioelectrical 
reaction was confiraed hy a special sti^y of Beritov and Boithak 
(l94Ta) and then hy Lloyd (19^9)* Xt proved very coa^lex in 
character? to the hiocnrrents of the afferent impulses proceeding 
under a pair of discharging electri)deB is added a series of \uick 
biopotentials i it was found that the latter are carried out from 
the cerebriaa and discharge the excitaticm biocurrents of the 
collaterals of the afferent fibers and of their synaptic terminals 
(Beritov and Boitbak, 19^7^). 

It is known that the slow potential discharged frm the 
posterior root Is an electrotonic reaction which arises as the 
result of arrival In the spinal cord of a discharge of afferent 
impulses, slow potentials identical in character being registered 
both from the root along which ihes® potentials reached the brain 
and from adjacent roots. Since the work of Sccles and Malcolm 
(19^6) and Beritov and Boitbak (19^7-1950) it has been possible 
to consider most probable that the slow posterior-root potential 
arises because of activation of the neurons at which the fibers of 
the stimulated root terminate, (in the opinion of certain investigators 
(Barron end liatthews, 1938 j Lloyd, I949i and Vorontsov, 1955) slow 


inssi- ' -Wasw 
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posterior-root poteatials discharge the exeltation of the presynaptic 
fibers and/or sjinaptlc terwinalB. for criticisia of this idea see 
Bccles (1950).) Activation of the netorons, the arising of regional 
excitation (of local potentials) in them, stiptalates electrotonic 
reaction of the posterior-root fibers* IJhen undel the action of 
afferent iuq^ulses in the body or in the dendrite of a given ne\jroii 
a local potential arises, this leads to the establlshitent of a variety 
of potentials, to the arising of an electrical current, and to electrontonus 
in those fibers vhich terminate with synapses at the neuron in ^uestionj 
electrotonic reaction arises both in the fiber which was excited before 
this and in that^diicb was not In an active state, fhus, slow posterior- 
root potentials are a coa^poslte expression of' a great number of local 
potentials arising In the intermediate neurons of the posterior half of 
the bmin, the slow; potential, discharged from the root, expresses local 
potentials namely of those elements at which the fibers of the root in 
{Question terminate. 

thus, we can «]udge indirectly about the excitation of tJxe 
intermediate neurons and about the iipjlses proceeding from tliem, 
through the anterior-root effects (supplementary negative fluctuation, 
supplementary discharge). We can judge concerning regional excitation 
of intermediate neurons directly on the basis of posterior-root slow 
potentials. 
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the vorJES of Beritov and Eoifbak (19^, Figs. 4o42) 
it is lme«m that, to hegia ytlih, from the anterior roots powerful 
slow potentials can be discharged and at this tiaie from the posterior 
there are virttjally no bioeleetrical reactions. It is possible to 
observe this at stimulation of the humeral nerve In frog, Ihe a^ns 
of the intermediate neurons of the humeral region of the spinal 
cord^ which are thereby being excited, terminate in the lumbar region 
directly on elen^nts of the anterior horns. In the second place, 
from the posterior roots slow potentials can be registered of veijy 
great aimolitude and length, and at this time fxm the anterior roots 
only weak, short-term potentials can be registered arising under 
the effect of impulses from the direct posterior-root collaterals, 
ms is observed during strong stimulations of the sensory nerve when 
the functioml state of the preparation is poor. On the basis of 
these facts, as well as on the basis of lack of parallelism in regard 
to the intensity and temporal isourse of the potentials of the posterior 
and anterior roots, it was concluded that the sources of their origin 
were different, (l^ter fuortss { 1951 ) dlscloeed similar facts and. 
came to an analogous conclusion.) However, these facts indicate that 
cerebral biocurrents do not spread diffusely along the spinal cord 
and that within the brain electrotonle distribution too of blocurrents 
along the fibers is possible only for relatively small distances. 
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Tills latter conclwelon requires explaaatloas. That electrotoalc 
distribution of laie currents within the brain is possible for short 
disi^aces deaionstrates the fact of the arising of an electrotoalc 
reaction in the anterior and posterior roots; well then, the 
anterior- and the posterior-root fibers proceed a certain distance 
within the brain from the cells to the exit from the brain (or, 
contrariwise, from the entry into the brain to the place of 
termination at the cells). The fact that the slow potentials 
discharged from the anterior root at stimulation of the humeral 
nerve are not registered from the corresponding posterior one shows 
that id.thln the brain along the direct posterior-root collaterals 
(which terminate on the imator mwms) electrotonic spread of the 
potentials occurs with such decrement that they do not reach the 
place of entry of the posterior-root fibers Into the brain. As 
said, powerful slow poaterior-'root potentials do not register from 
the anterior roots. This shows that the ©lectrotonus cannot spread 
along the axons of the Intermediate neurons becf^sge, otherwise, It 
would be detected in the anterior roots (as the® afferent iH^ulse 
is detected that arrives at the motor neurons teough direct collaterals). 

Apparently a biopotential arisiiag in the nerve cell can be 
detected only at a slight distance from it. Supportive of this concept 
too is the fact that the aBQpIltude of the local potential of the motor 
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neuron at intracellular discharge eijuals 10 millivolts and at extra- 
cellular discharge from the nucleus of motor neurons 100 microvolts 
(Fig, 2, A), i.e. in a 100 timsB lesser impitude. 

k. Concerning Long Konfluctuating Bioelectrical Potentials 
As far hack as in early investigations of the bioelectrical 
phenomena of the central nervous system, carried out with the aid 
of a galvanoraiter, similar potentials were reported. Mislavskil 
(1894, 1900), at the discharging of current from the posterior 
roots of the spinal cord of frog observed long noniluctuating 
biocurrents during tetanic irritation of the sciatic nerve and 
at adequate stimulations of the skin. 

Delov and Lapltskii recorded during discharge of currents 
from the spinal cord (l electrode on the surface of the luu^r part 
of the spinal cord, ^ on a crosswise section) the following phenomena} 
quick fluctuations following the rhythm of stimulation of the sciatic 
nerve up to 100 per second, were placed on a background of a slow 
( nonfluctuating potential, the an^litude of which was increased with 
increase of frequency of stimulation up to 100 a second and reached 
1 mUllvolt (Delov and Lapltskii, 1935). In fig. 4 , D is presented 
the oscillographic recording of a nonfluotuating biopotential, 
registered from the posterior root during tetanic stimulation of the 
sciatic nerve. 
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(liegend to Fig, 4, textpage 20: Long aonfluctuatlng potentials 
generated Ijy neurone of tbe posterior half of the spinal cord during 
tetanic stimulation of tjp sensory nerves, Curarized frog with spinal 
cord revealed and circulation undisturbed, 12’C, Potentials are 
discharged from the 9th posterior root at a distance of l ram, from 
the brain. Direct-current booster, Secordlng by string j 
oscillograph, A - the trifacial nerve of the opposite side is 
stimulated; frequency of stimulation 10 per second. B - frequency 
of stimulation 100 per second, C -ihe sciatic nerve of the corresponding 
side is stimulated; frequency of stimulation 10 per second; the heginning' 
and end of brief stimulation, D - frequency of stimulation 100 per 
second; beginning and end of brief stinnilation, Time marks for 10 
milliseconds. (Koitbak, 1950 )*) 

During tetanic irritations of the sensory nerves or of the 
posterior roots, as well as during adequate stimulations, for Instance, 
of the Biuscle receptors a long nonfluctuating potential is registered 
from thi anterior roots (Barron and Bfettliews, 193^). Xn Pig, 5 
presented recordings of the bioelectrical reaction of the anterior 
root of strychninized preparation of frog in response to tetanic 
stimulation of the sciatic nerve. As seen^ a nonfluctuating potential 
arises, on the background of irtiich the fluctuations are arranged 
according to the rhythm of the stimulation. At cessation of stimulation 
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the potential gradmllj weakene, hut even after h seconds does not 
reach the abscissa ♦ It is certainly snstalned by '’lnipulsatlon” from 
the intermediate nenrons. fhere is aftereffect too in regard to 
quick fluctuations (Beritov, KTaTilashvili, and Boltbak, 1950) » 

An analogous recording was made by fuortes (1951). 

Thus, the central aaarve elements at arrlTal of frequent 
impulses of excitation to them generate long nonfluctuatiag potentials 
that certainly reflect the nonfluctuating state of the regional 
excitation. 

(legend to Fig. 5, textpage 21: Prolonged nonfluctuating 
potential generated by motoneurons of the spinal cord. Spinal 
strychninized preparation of frog. 10*G. Potentials are discharged 
from the 9th anterior root at a distance of 3 from the brain. 
Constant«cuiTent booster. Becordlng by i string oscillograph, the 
sciatic nerve of the corresponding side is stimulated^ frequency of 
stimulation kO per second. A - beginning of stimulation, B « end 
of stimulation and aftereffect, C - length of aftereffect 1 second 
after recording of B* Becording of B was made 3 seconds after C 
(Berltov, Kvavilashvlli and Boitbak, 1950).) 

At stimulation of the branch of the trifacial nerve in frog 
from the posterior roots of the spinal cord are recorded considerable 
slow potentials. At a stimulation frequency of lG-100 per second 
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the potential aciviires a aoafluctuating ehawoter (Fig. 4 , A and B). 
IkvtB, excitation Iinpulaes emiie from the cerehrua to the spinal inter 
mediate neurons in the cord, Because of vhich an electrotonic reaetloa 
arises in those fibers of the posterior root that form a synapse with 
these neurons. Stimulation of the trifacial nerre usually does not 
cause considerable bioelectricsl reaction of the anterioi- root even 
after strychnine poisoning of the spinal cord ^en stimulation of 
the pertnaeal nesrve causes most intense convulsive anterior-root 
discharges (Eoltbak, 1950). It would be possible to think that 
Impulses proceeding along the descending courses at stlBulation of 
the trifweial serve are subthreshold for the intemaediate neurone ^ 
for instance, because of the fact that the corresponding synapses 
are placed at a greater distance from one another. But then summation 
would be expected at a combination of stimulations of the 
trigeminal nerve and of the peroneal nerve* On the contrary, it 
appears; if the peroneal nerve is striated on a background of 
tetanic stimulation of the trigeminal nerve ^ causing a nonfluctuating 
posterior root potential, then the reflex from stimulation of the 
peroneal nerve proves delayed* Dhus, stimulation of the trifacial 
nerve, causing a slow potential in the character of a single bio- 
electrical reaction in the spinal cord, generated by the neurons of 
the posterior half of the spinal cord, stipulates inhibition of the 
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reflex activity of the spinal cord (Eoitbak, 1950a), 

!Ki© concept of tlie causal connection of tlie central Inhibition 
vith the slow hioeleetrtcal potentials has been expressed by a auaber 
of physiologists (see Beritov, 1948 ). However, it Is interesting 
that it is possible to reach this conclusion on the basis of the 
data obtained by Sechenov (1880). Sechenov in his outstanding 
investigation of electrical phenoniena in the asdulla oblon^ta 
ascertained that tetanlzatlon of sensory nerves leads to inhibition 
of "spontaneous” discharges in the neduUa oblongata. Obe following 
from the phenomena described by hl« deserves special attentlm. 

Tetanic stljinilatlon of a nerve leads to "deviation of the negnet, so 
that it renains diverted to the negative side even during further 
tetanlsatlon", i.e. in the medulla oblon^ta a nonfluctuattng potential 
arises and Inhibition thereby occurs of the "spontaneous" discharges. 

In this wort of Sechenov, devoted to the study 'of inhibltton on the 
basis Of galvanlo phenomena, we first find indication of the connection 
between ■Uie inhibition and the nonfluotuatlng long bloeleotrlcal 
potential, to which none of his commentators has turned his attention. 

In experiments with IntraoeUular dlaoharge of biopotentials 

of motoneurons it was established that when inhibition of afferent 
in^ulses comes to a motoneuron, then a positive potential is registered 
from its body (Brodt and coworkers, 1953; Jocles, 1953, 1953). (footnote: 
See Eoltbak, 1955, tostluk, 1955 , and Hotsnyl, 1955, on the question of 
the electrical phenomsna of the inhibition process. ) 


'bWSi- 
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to, durlijg amlysie of the hioelg^trlcal potentials of the 
spinal it proved possible to escplaia their physiological 
importance and to liais: certain compoimts of these potentials with 
the activity of certain morphological foimtations. For Instance, 
we saw 3 components of the anterior-root potentials snccessfnlly 
referred to the activity of the poaterior-root collaterals, motor 
neurons, and intermediate nenrons. 

It is an incomparably mrQ complex mtter than the inter- 
pretation of the bioelectrical potentials of the cerebral cortex 
at an attempt to refer these or other cos^onents of the bioelectrical 
reactions of the cortex to the activity of certain neuronic elements 
of the cortex, of that portion of the central nervous system which 
is most ccmiplex in organization. However, only by proceeding in such 
a way can the origin and importance be explained of the bioelectrical 
reactions of the cortex and, likewise, can the electrographic method 
be used for study of the physiological processes and phenomena of 
the cortesu On the other hand, at solving this problem it also 
becoBBs possible to refer these very processes and phenomena to 
certain morphological bases and then, to use Pavlov’s expression, 
the dyiaamic phenomena that break out in the cortex can be coordinated 
to the very fine details of the construction of the apparatus (Favlov, 
1932)* It is Isgjossible not to agree with Pavlov in this, that 
during a stuay of the cortical activity only those concepts Which 


Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6 





Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6 


41- 

are characterized as spatial coiicepts have likelihood of mstering 
the subject (Bavlov; 191 S> 1913) ♦ 

Chapter 11 

Bioelectrical Potentials Arising in the Cerebral Cortex During 
Direct Blectrical Stimulation of its Surface 
The cerebrum differs from the spiml cord by, among other things, 
the fact (and this has dram the attention already of the first investi- 
gators of the electrical phenomena of the central nervous system) that 
during the absence of special stimulations and during deliberate 
exclusion of external stimulations from the cerebrum and from the 
cerebral cortex, in particular, certain electrical fluctuations are 
discharged. Evidently the so-called ^spontaneous" electrical activity 
of the cerebrum is a con8e<iuence and an expression of the greater 
excitability of its nerve elements, in, comparison with the spinal 
neurons. Apparently various negligible external interml stimula- 
tions are capable of causing excitation of the neurons that compose 
the nerve centers of the cerebrum. This should particularly be 
referred to cortical neurons possessing hipest excitability. We 

shall come back to this question ag^in. 

As for the specially provoked bioelectrical reactions of the 
cerebral cortex, this question too comprises the main content of the 
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present investigation* The following are experimental possitillties 
for excitation of the cortical nenrons by means of nerve impulses 
the source of which can be determined, 

a) Ixcltation of afferent systems of the cortex by adequate 
stimulations of the receptors or by electrical stimulation of the 
corresponding sensory nerves. 

b) Excitation of the system of callosal fibers by electrical 
stimulation of the cortex of the opposite hemisphere or of the corpus 
callosum itself. It should be noted that Danilevskii was the first 
to observe bioelectrical reactions in the cortex at stimulation of 
the cortex of the opposite hemisphere (I 89 I). 

c) Excitation of the system of fibers in layer I of the cortex 
by direct electrical stimulation of the surface of the cortex, 

d) Finally, it is possible to send antidromlcally excitation 
impulses into the pyramidal neurons of the cortex during stimulation 
of the pyramidal tracts (Woolsey and Chang, 1947). 

Tile first two possibilities were used during a study of electrical 
phenomena in the cortex even In the last century and at the beginning 
of this century. With the development of an oscillographic technique 
quite a large numiber of similar invesjsigations app^red (see Chapter 17), 

In world literature until recently there were only 2 articles 


relative to the bioelectrical reactions of the cerebral cortex that set 





Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6 



43- 

in at the time of direct electrical Itlmulation of Its surface. The 
first such investlption me jade hy Adrian ( 193 ^), Bom additicnml 
facts mre reported in Bosenhlueth and Camion’s work (19^2), In 
1950 i presented a paper at a session of the Georgian Baysiological 
Society on a method I had worked out for the set-up of such sxperlnjents 
and on the characteristics and source of cortical Moelectrical 
potentials that arise at direct stlisulation of the surface of the 
cortex (loitbak, 195<5b). In 1951 Chang, having used a similar jaethod 
(which he described In detail and does not substantiate), pblished 
a number of facts analogous to those on which I reported. Recently 
articles have appeared of Bums (l95i) of Bishop (Bishop and Clare, 
1953)1 testifying to the fact that this subject had attracted the attention 
of a number of Inglish and American electrophysiologists. 

Certainly the method of stimulation of the cerebral cortex by 
means of electrodes set on its surface has sany deficiencies. First of 
all, it is quite far from natural conditions of its stlmulationj then, 
at electrical stimulation of the cortical surface, simultaneous 
excitation certainly occurs of many neuronal elenents which are not 
excited simultaneously during noiml activity of the cortex. Thus, 
it is possible to think that the bit>el@ctrical reactions thereby 
registered do not reflect normal activity of the cortical elements. 

However, it is demonstrated that this method gives an opportunity for 
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the cXariflcatioa of eertain q,uestloa3 of the physiology of the cerebral 
cortex. Ihere Is nothlag unexpected in this, because vith the aid of 
the Method of the electrical stimulation many ia^rtant facts have been 
obtained which have not lost tlisir significance (Frltsch and Eltzlg, 

1870 j Yvedenshii, 1897; Ifehtoiaskil, I 9 II 1 et al. )* By the way, to 
Pavlov balonp the idea of studying the action of direct electrical 
stiittulatlon of the various points of the surface of the cortex for 
effects of conditional stimulants ( 19 P 6 ). 

A description will be given further on of the nunierous 
experiments with electrical stimulation of the cerebral cortex and 
of the registration of the bioelectrical potentials thereby arising, 
beginning with comparatively simple eaperlments and ending with those 
tuite complex in set-up and results. 

The ejqDeriiaents were made on cats under nembutal narcosis 
(83-itO mg. per kg. of weight). - The operation consisted of exposing 
the larger (cerebral) hemispheres of the brain; the dura mater was 
removed directly before beginning the experiments. The tes^rature 
of the surrounding air t^s 30-33^G. 

Electrodes. Steel or silver needles served as stimulating 
electrodes. For discharge of the biopotentials from the cortical 
surface silver ones served for electrodes. For discharge from the 
various layers of the cortex in the first experiments steel needles, 
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sealed vlth lacquer to the tip, vere used* In subsequent esperiaents 
discbarg© ms effected with thin electi^odea made of sealed ccmstantan 
(a nickel-copfer alloy) wire, about 80 microns in diameter* Discharge 
electrodes were fixed with microscrews to the cranium. 

In experiments in which siiaultaneouB discharge of the biopotentials 
from two points of the surface of the cortex was required a special 
electrode holder was used, which presented a plate of plexiglass 7 x 
8 cm. in slse. Into the plexiglass plate 49 openings were drilled with 
thread (of screw)* After fastening this plate in Ihie holder, screwed 
to the frontal bone, the discharging and stimulating electrodes were 
screwed into the openings found over the points of the cortex involved, 

The electrodes were installed in the following way? to the silver wire 
with a thickened part of the end was soldered a flexible isolated 
conducting wire on which are wound several loops of isolation tape* 

The electrode was inserted into a metallic tube with thr^d (of screw), 
which was screwed into tlte opening in the plexiglass* With the help 
of the electrode holder described it was possible to arrange quickly 
and with great accuracy several stimulating and discharge electrodes 
over the surface of the brain* (Footnotes lecently Dawson (1954b) 
published a description of the electrode holder with electrodes extremely 
similar to those designed by me (in 1950),) 

Iiocation of electrodes in experiments with sinking of t%e electrodes 
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into the tein vas detemHised hy ajovement of the microscrev. Moreover, 
in a msSoev of experiaeats the diecharge electrodes were cojQ^led so 
that the tip of the first caase within 04-1.5 m* of the end of the 
second. When at rotation of the aicroscrew this electrode was found 
on the surface of the brain, the first entered into the brain to a 
precisely detemda^ depth. In a nuaber of cases histological 
investigation was nade of this part of the cortex into which the 
electrodes were driven. In preparations laado by Hissl's method it 
was possible to find the track left by the electrode. (Footnote: 
Histological Investigations were made by S. Beritashvlli. ) 

Stimulation of the cortex was effected by bipolar electrodes 
with 1,5 mau Interpolar distance, Ihe irritating stimuli lasted 0,2 
or 0*5 millisecond* A stimulus that lasted 0.2 millisecond reached 
a height of 75^ after 20 microseconds and the apex after 60 mifro- 
seconds. At freg,uency Increase of the stimulation to 100 per second, 
^wplitudf of the stimuli was reduced 5^ and their character was 
not altered, 

!Ehe bipolar method of stimuiatlon ims selected as a result 
of the foUowing, Bering tmipolar stlmulstion under the electrode 
located on the surface of the cortex there is a thick field penetrating 
the cortex perpendicularly with a compact cone of electrical lines 
into which the deep layers fall. At bipolar stimulation the field 
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is far Diore compact la th® ragicoi *cf the surface layers (Busser de 
Barenn, 193^^5). ms, it the objective is to stimulate the elements 
of the deep layers, then it is more advantageous to choose unipolar 
stimulation (as vias dose in the experiments of Dusser de Bareim and 
Adrian)/ If the objective to be pursued is to stimulate surface 
layers as isolated as possible, then it is raore advantageous to use 
bipolar stimulation. 

In the conditions of my ejcperiments one-minute stimulation of 
the surface layers by stimuli 0.2 ralllisectnid in length at a voltage 
of 30 volts and a frequency of TO second did not cause any 
appreciable irreversible morphological changes of the neuron elements of 
the stimulated portion of the cortex (S. BeritashviU, 195® )• 

Discharge me ”uaipolar\ A thick needle inserted into the 
bone over the frontal air-sinus served as indifferent electrode. As 
will be demonstrated, vith such a method of discharge the difference 
of potentials that is registered is stipulated by the neuron elements 
placed in direct proximity to the "active” electrode (see lenshav, 
yorbes and Morlson, 19^1 KommSller and Sohaeder, 193^1 Bishop, 1950). 
!She preparation uas grounMi the grounding of the preparation did 
not reflect appreciably on the character of the bioeleotrical effects 
being registered (see Oardner and Horin, 1953)* 

Intensification and registration. ^ biopotentials mve 



"^1 
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totenBlfied Hy tooetwa of altermtiBS ewrent vith taJ/moed entry, 
l.e, very electrical fluotnationa, if they arise in the 

cortex, oouia not he recorded and/or distorted (see Kogan, 1949i 
Berltov, Kwrilashyill sad Koithafc, 1950). Beeordings vere ®ae 
vith a two-ray cathode osciUograph, A series of experiments Here 
made with the use of a hooste^ with a very great time constant. 

A three-ray string oscillograph served for recording. 

A description of the apparatus used, the sohemes and oharac- 
teristioB of the boosters of the alternating and direct current, the 
defioieneies of the booster apparatus, the possible sources of errors, 
the capacity for jtootorecordlng and for the marking of tine, the 
schemes of the relaxation stlBWli, the general sohemes of the layout 
of apparatuses, etc. - all these are given in detail in the published 
papers of KvavllashTlU (19^5, 1950) and in Beritov, Evavilaahvill, 
and Soltbak'B article (1950). so 1 do not think it necessary to cite 
these <2hta in the present worh. 

8ch«i» of stimulation and discharge. With the usual layout of 
the sttoslating and discharging electrodes on the cortex, stimulation 
by even the veakest currents causes "driving in" (or "stopping up ) 
of stimulus: the las® is locked, l.e. the colossal voltage that 
arises because of the polarlxatlon of the tissue falls on the mantle 
(of the im). Polarisation currents, that of one direction being 
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under am pole and ttet of the other being under the other pole, arise 
around the poles of the stiiauiating pair for a large territory. ®ieir 
an^litude and length are so considerable that if the oscillograph too 
is not stopped upj then they cover up the biological effect. 

One mi^t think that on the cortical surface points could be 
found in ^irhlch the catelectrotonus and aneleetrotoaus neutralise one 
another, as in the nerve there is a portion indifferent in regard to 
the electrotonus between the C and A direct current. Actually this 
can be discovered- from the start on brain treated with formalin. 

On living brain the problem proved more difficult because of the 
CGi^lex and variable conditions of moisture, blood supply, and other 
conditions affecting the character of the shunting of the current. 

When the discharge electrode lies on the cortex at an eqjml 
distance from each of the two stimulatlK^ electrodes, then_^ switching 
on the stimulating current the booster usually is not shut off and 
in response to the stimulating certain electrical potentials are 
registered that change their character at boosting and increasing the 
fretiuency of the stimulation and at changing the direction of the 
stimulating current* 

In fig. 6 are presented a series of oscillograms showing the 
results of such experiments, Ihe stimulation and discharge electrodes 
are placed on the sigmoid convolution; the distance from the discharge 
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electrode to eacja of tbe tvo etiimalatlng electrodes equals 1.5 22 a* 
With an intensity of stimulation of S volts and a frequency of 12 per 
second the folloving effect is registered (ose. A); after a quick 
variation of the ray, which is eatased hy the stimulatins impulse 
itself, a slow potential follows, which quickly reaches a maximum 
and then aliaost exponentially dies out. At k volts {osc, B) the 
aa^litude of the potential is incmsedj its character remains the 
same, I'his potential expresses itself mainly by a polarization of 
the cortex. !Phe discharge electrode in the case in question was 
found under the dominant Inflmee of the cathode, l.e. It recorded 
the catelectrotonus, The fact that this Is mainly the polarization 
potential demonstrated by the fact that at change of direction 
of the stimulating current the potential changes its direction 
(osc, but with this the c«lete syisaetiy of polarlzatloa 
potentials of the opposite sign, so characteristic at polarization 
of the nerve fiber or of the nerve trunk, is lacking* 

At boosting the stimulation to 6 volts (osc. C) an additional 
an 

potential, /altered polarization potential appears} superin^sed on 
the catelectrotonus is a double fluctuation, owing to which the total 
length of the electrical potential is increased. At change of 
direction of the stimulation current (osc, C^) the anelectrotonus 
which arises also is represented by a potential, the direction of 
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Dhicli Is the saw as vlth the cateleotrotonuB. 2hus, the additicmal 
potential that appears at « certain Intensity of stlKulatiom, super- 
laposed on the polarization potential, In dlstlnctiOB fre® the latter 
does not change Its sign at change of direction of the stimulating 
c*arrente 

k% increasing^ the freqyeaey of liie stiumlntion to 25 a second, 
the character of the potentials is changed hy the course of the 
stiiBulation: the supplementary potential considered gradually weakens 
and then dlsappearsi the polarisation potential is left in pure form 
(osc. B and ISius, the additicml potential is a hioelectrical 
reaction* It is possible to judge its form, aapllti^e, and length if 
the polarizaticm potential is deducted from the overall potential 
{biopotential + polarization pototial), 1?he character of the latter 
(at rgiven Inteiity of stimulation) can be concluded through the 
potential which remains after prolonged stimulation of relatively 
hl^ frequency when the biopotential ceases to be provdsed, evidently 
fr<^ exhaustion of the nerve elements* 

At increase of the distance hetween the discharging and stimulating 
electrodes the awlltnde of the potentials being registered, both the 
polarization and the biopotential, is reduced. For instance, in Pig. 6, 

E, potentials are shown discharged at intense stlioHlatlon at a distance 
of 8 m, frtm the point stlmulatod (the discharging electrode in this 


& 
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case vas in the region of another (eerehral) convolution) ♦ 

(Legend to Fig* 6, textpage S8s (Hj Here, as in the preceding 
paragraphs,' I have usod the lagllsh alphabetical se^v^nce from A-F for 
the illustration idiich thus read downward from left to right; A, 

Bp G) L) Sj and F. ) Folarlzatlon and local potentials which 
arise at electrical stimulation of the cortical surface. Oat Ho. 7, 
luly I9lj'9. Deep nembutal mrcosls. Stimulating (Ag-A^l) and 
dischBirging electrodes were placed on the surface of the gjTus 
sigmoldeus post. Distance between them equaled 1,5 ram. A is an 
intensity of 2-volt stimulation* B is of 4 volts. la of A volts 
and the other direction of the stimulating current. C is of 8 volts. 

is of 8 volts and the other direction of the stimulating current. 

3) is the beginning of frequent stimulatiOG (25 per second), l6 volts. 

Is 1 minute after stimulation. I is the discharge electrode placed 
on the gyrus sujKrasylvlus at a distance of 8 mm. from the stimulating 
elechrodesj the intensity of the stimulation is l6 volts. All these 
experiments were made without the use of a compensator, F are the 
polarization potentials balanced by means of a compensator. The 
biopotentials are discharged from a point k m, distant from the stimula- 
tion electrodes; stimulation Intensity 8 volts. Oscillation upward 
denotes negativity under the active electrode. Yoltage and time 
designated for these lllustratlonsj 1 millivolt and SO milliseconds.) 
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The recording illustrallcms shown are essentially like those 
which were glten in woidse devoted to recording local potentials in 
a nerve fiber (Hod^in, 193^) and in the nerve trunk (Katz, 1947). 
However, certainly the conditions of polarisation in the hrain are 
incoBpirably mre eojaplex, but arising at direct stinmlation of the 
brain the biopotentials do not have their origin in the nerve fibers 
of layer I because their length is very great as conpared with the' 
length of the local potential in the nerve fibers. 

As seen from the recoidings presented and as other such 
endeavors have shown, it is very difficult to record a biopotential 
in pure form when the "neutral" point is found by transposing the 
electrode from place to place. Usually it fails to be rid of a 
considerable residue of uabalaaced polarization potential, !ISie 
electrical intermediate (neutral) point far from always coincides 
with the geoTBfttrlc. aM coimifte coi^nsatloa has succeeded in being 
reached by means of a coiBpensator, Xn Fig, 7 Is presented the scheme 
of stimulation and discharge used in the present investigation. 

(Fig, 7, tesrbpage 30 i Sohims of experiment set-up for registration 
of bioelectxleal potentials arising in the neu 2 :*on elements of the 
cortex at its direct electrical stimulation. Ct. » (our St.) stimulator.) 

In Fig. 6, F, are shown biopotentials not altered by polarization, 
which were discharged at a distance of 4 mm, from the stimulating 



'to- 





;J«»^ eaaito.. 


« 54 - 

elect!?ode3. St3im«ljation and disotoge wore carried out according to 
the above-Bieiitloaed scheme. 

1. Segative J^otentlals 

At stimulation of the surface of the cerebral cortex of deeply 
mrcotiaed eat with electrical stimuli 0.2 millisecond in length and 
at a distance of several mlllijaeters in circuiaference frcna the point 
of stimulation it is possible to register the bioelectrical potentials. 
Comparatively intense stimulations must be used for their provocation: 
the threshold of provocation of a biopotential with the stimulation 
conditions in q.u88tion usually e<iusls 3 *"^ volts. (Footnote? With the 
length of the irritating stimuli at 0.5 millisecond the threshold can' 
be lowered to 1 volt. ) Ihe threshold of stimulation of the sciatic 
nerve for provocation of the cortical bioelectrical reaction is usually 
less than I volt. Perhaps this Is explained by the ihct that the nerve 
is stimulated at an interpolar distance to several millineters# 
and the brain was stimulated at an interpolar distance of 1.5 mm. In 
special experiments with stimulation of the nerve-moscle preparation 
of frog it was shown Idiat at reducing the Interpolar distance 1 & 8 ibW:r 3 mm. 
the thresholds of stimulation are increased because of the shunting effect 
of the tissue fluid or of the physiological solution between the electrodes 
{Beriiov/1930), It is necessary to think that hi#i thresholds of 
provocation of the cortical bioelectrical reaction are connected with 
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. tbe shwntiag of tlie stiMuXation curreiit* Oa tls® other hand, there 
evidently also occurs a shmtins of tha answering bioctarrent (Bishop 
* and C3#ire, 1953). technical difficulty in recording the biopotentials 
of the cortex in answer to its direct stimulation, of isMch we spoke 
above, was aggravated by this ciirctimstance, i.e. by the necessity 
of using intense stimulations (up to 30 volts). 

©xe effect of a single stimulation, With deep narcosis one 
shock of stimulation or the first sho<^ of riiythmical stimulation 
causes a negative slow fluctuation of the bioelectrical potentialj 
after the negative fluctuation a weak positive one may follow, 

Minimal length of a negative potential equals 10 milliseconds (Fig. 

8, tertpage 31: Bioelectrical potentials registered from the cortical 
surface near the point stimulated. Gat 5o, 10, Odt, 19^9* 

Wei^utal, Discharge and stimulating electrodes are arranged on the 
su:^ace of the gyrus supmsylvius; the discharge electrode Is found 
at a distance of 1,5 mm. from the stimulating electrodes, ©ife 
intensity of the stimulation is 30 volts (the threshold 8 volts), 

©je effect of the first two shocks of stimulation with a frequency^ 
of 16 volts (per) seccaad (see fig, 12, B). !Phe first shock of 
stimulation abuses a simple negative potential with a length of 
approximately 10 mlUisecoads j the second shoc^ causes a more complex 
effect: a series of additional negative fluctuations arise, desipated 
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by arrows (2,3), Conditions: 0*5 

indicated* ) . The potential g,uickiy, after 2 laillisecoads, reaches its 
peak and then falls* Its aB^litnde depends on the functional state of 
the cortex and can reach 1-1*3 lallUwlts. During deep narcosis these 
potential© are rasistered at a distance no greater than am., the 
amplitude of the potentials being registered gradually diminishing 
(Fig* 11) at moving the discharging electrode away from the stimulating 
electrodes* 

The following circumstances show that these potentials are 
biological potentials stipulated by the activity of the cortical 
elements, and not the polarization ones* 

1) At shifting the direction of the stimulating current the 
character of the effect is not changed. 

2) During deep narcosis potentials are not registered from 
other convolutions (of the brain) even at a most proximal distance 
from the part being stimulated (Fig, 6)* These two circus^tances 
were already indicated by Adrian (1936)* 

3) They cease to b© provoked 15-60 seconds after the heart 
has stopped* Ohang (1951) deBKJnstrated that during anoxia, which 
was caused by the anlml’s having breathed pure nitrogen, they 
disappear after 1*5 minutes., 

1)-) At reducing the temperature of the cortex below 28®C* and 
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at increasing It aljow 40*’G. their amplitude Is redncedi they eease 
to arise vith the teiape:wture below 22*C. and above (Gbasg^ 

1952). 

5) They are Intensified during local strychnine poisoning (a 
0.1^ solution) of the cortex under the discharging electrode (Fig. 10, 
textimge 33: Changes of the bioelectrical potentials proyohed by 
stimulation of the cortex after local strychnine poisoning of the 
cortex under the discharge electrode. Gat lo. 35; ^3# 195^* 

Continuation of experiments carried out in preceding illustration. 
Stlisulation and discharge electrodes were changed to another area 
of the gyrus euprasilvlus. Distance (between stimulating electrodes 
and discharging electrode) » 6 mm. A is the effect of 30 **volt 
stinailation, 10 per second before poisoning. After this, strychnine 

solution) was applied to the brain under the discharge electrode i 
the ;]^ison was removed after 2 minutes. B is the effect of the sai^ 
stimulation 3 minutes after the ffi«nt of poisoning, C is after l4 
minutes, and S is after 20 minutes. After this, strychnine (0.5^ 
solution) was applied to the brain under the stimulation electrodes j 
the poison lay there for 2 minutes. B is the effect of the same 
stimulation (30 volts, 10 per secoiad) 3 minutes after poisoning. F 
is after 40 minutes. Conditions indicated in illustrations? 20 
milliseconds, 0,6 millivolt, (TBj As before, in translation the 
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deslgnatlonB are interpreted with Bnglieh alphabetical eetnence; thus 

«S, 

^ linesj Aj B| G and Bj E eM F. )) 

6) HhBj often cease to provoked during local poisoning of 
the cortex under tbe discharge electrode or under the stiiaulation 
electrodes hy a concentrated solution of strychnine , and these ^ 

dlsturhances are feversihle (Fig. 9; textpage 32: Changes of bio- 
electrical potentials provoked by electrical stimulation of the 
cortex in conse(iuence of local strychnine poisoning of the stimulated 
part of the cortex. Cat Ho. 35, Hov. 13, 1950. A and B are of the 
gyrus suprasylvius of the left hemisphere, instance between stimu- 
lation electrodes and discharge electrode is 6 mnu A is the effect 
of stimulation with a fre<iuency of 5 per second (30 volts) prior 
to poisoning. After this, a ball of cotton soaked in a saturated 
solution of strychnine nitrate ms applied to the brain under the 
stimulating electrodes. The strychnine was removed after 1.5 minutes, 
the brain was dried at this place and washed with physiological 
solution, and the stimulation electrodes were placed at the previous 
site, B is the effect of the same stimulation 2 minutes after applica- 
tion of strychnine to the cerebrum under the stimulation electrodes, 

The effects were reduced 30 minutes after taking off the strychnine, 

C and 1 are of the gyrus suprasylvius of the rl^t hemisphere. 
Distance between the stimulation electrodes and the discharge electrode 
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is 6 m C Is the effect of stimulatioii (30 volts, 5 P®^ second) prior 
to poisoning; after this the area under the stlaiulatlon electrodes 
was poisoned with a 0.5^ solution of strychnine; the sti7chnine was 
removed after 3 lainutes, D is the effect of the same stimulation 3*5 
minutes after application of the st3!7chnine to the brain under the 
stimulaticm electrodes. 1 is the effect of the same etimulation 15 
minutes after the recording of D, Indication of 0. 3 millivolt for A, 
of 0,6 millivolt for C. ). In the experiments of Beritov and Koitbak 
(1950b) on spinal cord of frog it was discovered that at relatively 
great concentration of strychnine (^neral or local poisoning) it 
is possible to observe two stages of its effect: at first, the 
posterior and anterior root potentials attenuate, and only after 
several minutes do they begin to intensify. ®ius, weakening of the 
cortical negative potentials after strychnine poisoning should be 
ascribed to its parabiotic action on the neuron elements. Histological 
investigation of the part of the cortex subjected to poisoning by 
saturated solution of strychnine showed drastic morphological changes 
of the cortical neurons (S. Beritashvili, 1958 ). connection with 
what has been mentioned above, it is possible to set forth the following 
fact obtained by Ghang (I 951 )i the negative potential adjusted to be 
provoked 8 min. after a strip of paper saturated with a solution of 
cocaine was placed on the cortex between the stimulation end the 
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discharge electrodes* laa aMlogoos estperiiBents of Bums aad 
Grafstelu, 195 S^ it ceased to he recorded after 4*8 miautes. la 
isy esEperJLweats the hioelectrical poteatial ceased to he provoked 
2 laiaates after poisoning of the cortex under the discharge 
electrodes hy a saturated solution of strychnine, 

Vith a frequency stifflulatloa of 25-5^ second the 
potentials considered quickly attenuate (see helcm), 

Iffects similar in character arise at stimulation of any 
part of the dorso-lateral surface of the cortex, i,e, the character 
of the effect is not appreciably altered In areas of the cortex 
different according to functicms. 

At powerful stimulations and at repeated stimulations addition- 
al negative fluctuations can arise (Fig* 8), hut this is not charac- 
teristic to effects during deep narcosis and will he specially 
considered in a subsequent part of this chapter. 

At a distance of l*5-2 wu between the stimulation electrodes 
and discharge electrodes tlie negative potential sets in 2-2*7 
milliseconds after the moment of application of stimaiation* At 
reiffioving the discharge electrode, together with reduction of the 
aj^litude of the potential the latent period of its arising is 
increased and its character changed: it reaches the peak more 
slowly. Increase oi the latent period cannot always be detected 


**^^1 
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becatiee of the fact that the ihteml het^reen the Bionieiit of stimulation 
and the fljDiaeat of the arising of the biopotential Is mashed by an 
unbalanced residue of polarization potential (this took place in 
registration A, fig* 11)* (hegend to Fig* U, textpage 3^: Decrement 
spread of negative potentials, A is cat lo* '22# May 12, 1950. BlO" 
currents are discharged simultaneously from a point of the surface of 
the gyr, Blgtsoideus post, at a distance of 1,5 mu, from the stimulation 
electrodes (upper curve) and from a point at a distance of 3 mm* from 
the stimulation electrodes (lower curve). Intensity of stimulation 
25 volts, freq.uency about 10 per second, B is eat Ho, »3^uly kf 1949* 
Syr, sigmoideus post. Distance between stimulation electrodes and 
discharge electrodes 2.5 mm, | the effect of one shock of stimulaticm 
(8 volts), C Is the effect of a single stimulation shock (8 volts) 
after the discharge electrode was shifted a distance of 5 mm. from . 
the stimulation electrodes, D and 1 are of cat Ho. 37^ Jan, 1951* 
Slight narcosis (6 hours after nembutal injection). Stimulation 
electrodes are placed at the postericar pole of the gyr, suprasylviusj 
at a distance of 5 and 11 mm, from on the surface of this convolution 
are placed discharge electrodes and Igj the second stimulation Ig 
pair are placed on the starface of the gyr, slgmoideus post, at a distance 
of 2 mm. from Sg, In Fig. F is given the arrangement scheme of stimula* 
tion and discharge electrodes. ' Ihe biocurreats are discharged 






Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6 



simultoeoueXy ttm point % (upper c\me) and Bg (lower curve), B 
is stiatulation carried out through electrode, frequency 16 a second 
(25 volts), S is stiiBUlatioa effected through Bg electrodes, frequency 
of stimulation 12 per second (25^^olts), Indicatimie for A* 0,3 
millivolt, SO milliseconds,) In recordings B and C in fig, 11 (right 
upper third, left and right respectively) the effects are shown of 
stimulation of the gyr, slgmoideus. In escperlmsnt B the discharge 
electrode ma tm from the pair of stimulating electrodes; the 
latent period of the arising of the biopotential equaled 3,3 milliseconds. 
In eiEperiment G the distance between points of stimulation and of 
discharge equaled 5 eku; the latent period of the arising of the 
biopotential equaled 8 milliseconds. If the rate of spread is calculated 
m the basis of the differences of latent periods and of the distances 
in experiments B and G, then the magnitude reached is approximately 
0.5 m. per second, tEhus, if It is assumed that the activity is in any 
way spread from the point of stimulation to the point of discharge, 
then the rate of this spread, on the basis of the above-meatioaed 
experiment, is of the order of 0 .^ m, per second, which aiprees with 
Dow's data (l^9) ia respect to the spread rate of potentials in the 
cortex of the cerebellum, Ghang thus found that the spread xate of the , 
negative potentials considered la the cortex of cat eqvaled I ja, per 

second (1951) r 







- 63 * 

According to Adrian and Chang, negati^ hioelectrical 
potential discharged from the cortical surface of cat at its stlmulaticai 
is not registered at a distance greater than 5 m. from the stimulation 
electrodes and is not registered from another convolution even if the 
distance from the site of stimulation Is very small, 1!hQ recordings 
presented in fig. 11, 3) and 2 (lower 2/3 on the left, upper and lower, 
respectively), contradict these two positions, IlhQ iset-up of the 
experinients i®is the follosingi on the surface of the cortex of cat 
under relatively shallow narcosis were placed 2 pairs of stimulating 
and 2 discharge electrodes (see Pig, 11, 5" (lower 2/3 at the right); 
the first stimulating pair (F^) and the first discharge electrode 
(S^) are estahlished on the posterior portion of the gyr, slgmoideus, 
and the second stimulating pair (Pg) and the second discharge 
electrode (Sg) are placed on the gyr, suprasylviuB, lEha distance - 
Eg « 11 m. At stimulation through electrode (experiment B) and 
electrode *Pg (experiment l) negative potentials are registered in 
both convolutions; their am^ilitude is less at the more remote point, 
Shus, negative biopotentials at stimulation of the cortical surface 
can arise at a considerably greater idistance from the place of 
stimulation than was estimated, !3!hey may arise in another convolution. 
¥e have thus been confronted with new facts, which will be considered 
in detail in the following paragraphs of this chapter. 








• 6 ^** 

As for tb© rate of spread of activity in experlmsats 0 and E, 

Fig* 11, it is of the order of 0*85 a. per second and it is identical 
during the spread from the dyr, suprasylvlus into the gyr. aig8»ideu6 
(P^ stimulation) and during spread gyr, sigmoideus iato the 

gyr, suprasylvius (Pg stimulation). Attention is attracted to the 
fact that the rate of spread in the case in g.uestion is greater than 
in ©itperiiMents B and C and this can perhaps be connected with the 
different depth of narcosis in these two cases. 

According to Bums’ data (1951) > i^ Isolated part of non- 
narcotized cortex* direct electrical stimulation of its surface 
causes the same negative potential as described for narcotized animals. 
Its rate of spread equals 2 m. per seccmd. IFhus, the rate of spread 
of activity here is even greater In experiments with non-narcotized 
cortex, {*Isolat©d from subcortex and from the rest of the cortex, 
a strip of gyr, suprasylvius of cat, 20 mm, in length, was kept 
connected with the rest of the cortex only by the blood vessels.) 

!l?he fact that at Increase of distance between the stimulation 
electrodes and the discharge electrode the latent period of the 
bloelectrlcal reaction being registered is increased is deiaonetratlon 
that extremely local biopotentials arise at direct electrical 
stimulation of the cortex, !Ihe latent period would not be increased 
with increase of the distance between the stimulating and the discharging 
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electrodes If potentials arising are spr^d sir^ply physically 
with decrewt. fhns, the region of the discharge of these hlopoteatials 
is limited practically to the region of their arising. 

As knoim, during iaTestigations of the cortex hy the method of 
its direct electrical stiimilation room for doubt has always been left 
as to whether or not one or another external effect to be observed at 
stimulation of the cortex is due to shunting of currents to other 
proximate parte of the gray or iMte matter (Vvedenskii, 1897 J 
I3kht<Hnsls:li, 1911 ). The fact that the latent period of the cortical 
biopotential Is increased at moving the discharge electrode away 
shows that with the conditions of stimulation in question the bio- 
electrical potentials being registered are stipulated by stimulation 
and excitation namely of that point of the cortex to which the 
stimulating electrodes are applied, l.e. shunting of the stimulating 
current does not occur, at least to such a degree, in order that at 
a distance of £-3 mm. these loops of current could show such a 
stimulating effect on the neuron elements as would lead to the 
arising of the potentials being considered. Thus, the area of 
indirect provocation of neuronic elements of the cortex has been 
limited practically to the region of spread of the stimulating elec- 
trodes. 

On the other hand, the fact considered (length of latent period 
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tjx conaeotion with tlse laoving avay of ttie disclaarge electrode) sliows 
tile aceuracsr of the oscillographic juethod being used* fh© discharge 
electrode shunts precisely the bioelectrical activity of that prt 
vith «hlch it ooiuea in contact. !l!hls is a good argument against 
those electrophysiologists who think that the potentials discharged 
are always the e 25 )ression of the sum total of a great number of 
potentials resultant from the bloelectrlcal activity of hardly the 
whole of the cortex and tiiat at excitation of any part of the cortex 
potentials, purely physical, can be discharged from remote parts of 
it, etc. 

¥©ry persuasive positions have been exposed on the extraordinary 
local character of stimulation and discharge by experiments with 
strychnine poisoning of the parts being stimulated and subject to * 
discharge ^ich were spoken of above. During local point posioning 
under stimulating or discharge electrode the bioelectrical effects 
that arise at stimulation can temporarily cease being registered. 

When this occurs as the result of poisoning under the stimulating 
electrodes (Fig. 9 ) t 'this shows the extremely local cha3:^cter of 
the stimulation: the loops of current do not stimulate parts of the 
cortex found at a distance of several millimeters beyond the poisoned 
point. When this occurs as the result of poisoning under the discharge 
electrode (Fig, 10 ), this shows the extreme local character of the 
discharge of biopotentials: the discharge electrode does not discharge 
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■blopoteBtial© from a portion of the cortex found heyond the poisoned 
point, from parts in vhich hiopotentiale of greater aiaplltud© arise 
then those arising norraally ttnder the dlOi^arge electrode because 
they are found closer to the site of stlMUlation, 

g?he facts obtained oblige referring qiulte skeptically to the 
possibility of a diffuse and territorlaUy spread physical influence 
of the biopotentials that arise during excitation of any complex of 
neuronic elements, for example to the possibility of the diffuse 
anelectrotonic influence of the potentials through tissue fluid on 
a great number of surrounding neuronic elements, as this was proposed 
earlier by Beritov (1937b, 1948) and by Beritov and Hoitbak (1948b), 
or to the possibility of the anelectrotonic or catelectrotonic effect 
of currents of the granular layers of the cortex, as vas considered 
probable by Ilkhtoaskii (1939-^^ 

!Ebe effect of rhythmical stimulations of the cortex during 
deep mrcosis* (Legend to fig. 12, textpage 37: negative potentials 
caused by electrical stimulation of the surface of the cortex vith 
different frequency of stimulation. Cat No. 10, October 24, 1949. 
Nembutal, Ihe dischar^ electrode and the stimulaticm electrodes 
are placed on the surface of the gyr. sujs^asylviusj the discharge 
electrode is a distance of 1.5 mm. from the stimulating electrodes. 
Intensity of stimulation 30 volts (threshold 8 volts). A is a 
stimulation freqtuency of about 3 pei* second; B is 16 per second; the 
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are effects after 1 rdmxte of stiuwlation. C is frequency of 
stimulation of atout 50 second. is after 30 seconds of 
stimulation. D is frepency of stinuiation of 100 per second. E 
is the discharge electrode removed a distance of 2.5 m from the 
stimulating electrodesi frequency of stimuXatlon at 15 per second 
is instantaneously s^/itched to 100 per second; is after one 
minute of stimulation uith a frequency of 100 per second, and 
change-over occurs to a frequency of I 5 per second (Boithah, 195^) • 

20 milliseconds and 1 millivolt indicated.) During a stimulation 
frequency of 3 per second the subsequent shocks cause greater 
effects than the first (Fig* 12, A). With a stimulation frequency 
of 10-20 per second grovth of effects occui’S for the first 0.2-0. 5 
second of stimulation (Fig. 12, B); furthermore, the effects are some- 
times coB^plicated hy adational Slaves arising. At stimulation 
frequencies of 50-100 per second the effects progressively and quickly 
attenuate and in the course of the first 0.2-0, 5 second tetanl'^tion 
can dvlndle to nothing (Fig. 12, C-E). 

When ihe functional state is poor, stimulation of the cortex 
provokes negative potentials of little ampliti^e.' With a stimulation 
frequency of 10-20 per second the character of effects in the course 
of stimulation is not ciianged, l.e. the phenomenon of growth in 
amplitude of the potentials is lacking (Fig. 13, textpage 3^: Bio- 
electrical potentials that arise in response to stimulation of the 


'Was- 
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cortex during deep isarcosi©* Cat Ho. k, June 6, 19^9* 
narcosis after injection of a double dose of nembutal. Stimulation 
and discharge electrodes in the gjix. slgBoideus post. : distance 
between them 3 mu Intensity of sttiaulation 30 volts, A is 
freiiueney of Bthawlation at 8 per secondi B is 15 per second. C 
is IfO per second, and is after several seconds of stimulation, 

B is frequency of stimulation at 80 per second, 20 milliseconds 
and 0,6 millivolt indicated,). At frequency of stimulation of 50 
per second the effects quickly dwindle to nothing; at a frequency 
of 100 per second only the few first shocks cause appreciable 
bioelectrical potentials. 

In fig. l4, an experiment is set forth with cerebral 
stimulation at a frequency of 85 second. At first the magnitude 
of the effects grows, and after the fourth stimulation shock the 
effects progressively attenuate. The twentietin stimulation shock 
causes a three times weaker potential than the second. In experiment 
B the frequency of stimulation is momentarily increased to 125 per 
second. After sll^t fluctuation caused by the first shock of 
tetanic stimulation the subsequent shocks produce no effect. In 
x*ecordlng C after 8.7 seconds of tetanization at a rhythm of 125 per 
second the frequency of stimulation is again shifted to 25 per second; 
thereby effects arise the same In amplitude as prior to application 
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of stiaulatlm at 125 per second. Thus, these 8.7 seconds of tetanizatioa 
have Influenced Uttle the character of the effects of the lnfret«en^ 
Q%immion. U recording B after 3 seconds of stiiaulatlon at a rhythm 
of 85 per second Vhen the effects have eonsiderahly attenuated a shift 
of frequency of stimulation to 125 per second vas isade, and then after 
a stimlatiott of several seconds at a rhythm of 125 per second the 
frequency was a^in changed to Infrequent. The effects of infrequent 
stimulations after this Intensified approximately four times, and 
these inbenslfied effects lasted rather long. Thus, the In^ression 
is created that partial repose of the cortical elements being acti^ted 
has occurred after a period of tetanlzation of the ccsrtex. 

(legend to Fig. 1^, textpage 39: Bioelectrical potentials 
provdsed during different conditions of stimulation of the cortical 
surface. Cat. Ho. 26, June 3, 1950. Stimulating electrodes and 
discharge electrode are placed on the surface of the gyr. suprasylviusi 
distance between the discharge electrode and the stimulating electrodes « 
2.5 mm. Intensity of stimulation 30 volts. A=freq«enoy of stimulation 
at 25 per second, B - a ccmtlnuation of recording Aj the frequency of 
stimulation is momentarily switched from 25 per second to 125 P®f second. 
G - termination of 2.T-second tetanization at 125 per second and 
change to a stimulation frequency of 85 per second. B - after 3 seconds 
of stimulation at a frequency of 25 per second a shift is made to a 
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fre<iiiency of 125 pe^r secoM, E « after 15 aecoads of tetaaizatlon 
at 125 per second the frequency of stitHulation is changed to 25 per 
second, P - the effect of the application of 30«volt stlmilatioa 
at 20 per second after 1 minute of repose (Boithak, 195^). Indications 
of conditicms on the illustrations 20 milliseconds and 0,4 millivolt,) 

!I!hus, we run into the following i^nomena. First, we encounter 
eschaustion when the relatively infrequent stimulations at prolonged 
stimulation begin to give gradually attenuating effects. Secondly, 
we run into sharp attenuation or absence of effects when there is 
an increase of frequency of the stimulation to 50-100 per second, 

!JMs is not an expression of exhaustion, because at lengthening the 
interval of stimulation m effect arises immediately (see also Fig. 

12, S), i,©. we apparently run Into phenomena of the worst-best 
(’’pessimum-optlaum”) order. In the third place, we run into '’repose" 
at the time of prolonged te'toic stimulations, but also, as in the 
experiments of Fvedenskil, the present repose is imc^ more effective 
than "repose" at the time of the worst ("pessiraum’') tetanlzation 
(Fig. 14, F). 

At consideratiim of these facts obtained during direct 
electrical stiamlation of the cortical surface analogy intrudes 
with the "pessliM-optimum" phenomena studied by Fvedenskii in * 
muscle-nerve preparation (1886) and in spinal cord (1904), However, 
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m later perceive that the correetoess of such an analogy can le 
confirasgd vlth doubt* 

Potentials discbarged from different layers of cortex at 
stimulation of its surface* leloir are mentioned the results of 
experiments ^th discharge of potentials from different layers of • 
cortex during electrical stimulation of its surface, 

In Fig* A and B, are presented electrical effects 
discharged from the surface of the cortex at a distance of 2 mm* 
from the stimulating electrodes at different intensities of 
stimulation* At 12 volts (osc* A) negative potentials arose 
with an as^Jlitude of about 1 mllliv* i at 30 v, the amplitude of 
the potential exceeded 1* ^ milliv, and an additional negative 
fluctuation arose (ose* B)* Ihen the discharge electrode was 
sunk more deeply into the cortexj Mstologlcal investigation 
showed that the end of the electrode was in layer T. In Fig. 

1.5.. G-Ej are presented the electrical effects discharged from 
la^r IT during different conditions of stimulation of the cortical 
surface (the position of the stimulating electrodes was not changed). 
At 6 volts the effects were not provoked, whereas from the surface 
with this threshold intensity of stimulation considerable negative 
potentials were discharged; at 12 v* insignificant positive 
fluctuations were discharged from the depths (osc. C)j at 30 v. 


Sanitize^op^pprove^o^elease2^0/^^^^I^^DP^^043R00^0^5000^^^^^^^^^^^^^[ 





Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6 


•T3- 

from layer Y c<msiderabX$ positiTd potentials were dlsctorged with 
an aa 5 ?litnd 0 of 0.T5 millivolt (osc. B). At tetanic stimulation 
with a of JO per second a long positive oscillation was 

obtained, after which a negative arose and then the ray came back 
to the abscissa (oec; l) j at cessation of stimulation a slow two- 
phase fluctuation also arose. Analysis of this curve shows that 
throughout the whole ttrae of stimulation a long, constantly attenuat- 
ing, posltlw potential occurred (see Boltbak, 19J0a). After these 
experiments the electrode was placed on the sin^face in line with 
the place of puncture. In response to stimulation negative potentials 
again arose of sonawhat lesser amplitude than those discharged prior 
to deep placeassnt of the electrode (osc* f and G). l?hls indicates 
that the puncture d<^s not damage the cerebral tissue to any 
considerable extent, as was established by experiments en spinal 

cord (Beritov and Eoltbak, I9h8a). At stiraulatlm with a fluency 

of JG per second it Is necessary to'assume the arising of a long 
negative fluctuation (osc. I). 

(legend to fig. IJ, textpage kit Bioelectrical potentials 
discharged from the surface and from the depths of tise cortex at 
stiuBJlation of the cortical surface. Cat Ko, 16, Feb. 11, 1950. 

On the surface of the gF* suprasylvius are placed stimulating 
electrodes and at a distance of S mm. from them a dlsclarge 
microelectrode, 1!he provocati<m threshold of the biopotentials 
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is 6 V. A is 12 -v, intensity of stimulation, and the beginning of 
stlmlatlon la at a freqtuency of 10 per second. B is intensity of 
stimulation of 30 t. C Is disoiarge eleotrode sunk by means of a 
microscretf to layer Y; intensity of stimulation 12 v., frequency 
10 per second, B is intensity of stimulation 30 v, B) is beginning of 
brief tetanic stimulation during a frequency of 50 per second (30 v,); 

is end of stimulation, F is microelectrode raised and placed on 
the surface of the brain, intensity of stimulation 12 v,, frequency 
10 per second. 0 is intensity of stimulation 30 v, I is beginning 
of brief tetanic stimulation at frequency of 50 per second; is 
end of stimulation. Condition indicated on illustration at G Is 
1.2 minivolts.) 

(Legend to Fig, 16, textpage k2t Bioelectrical potentials 
discharged from the surface of the cortex, from the depths of the 
cortex, and from the iwhlte matter at stimulation of the surface of 
m^ortex,- A 4s So. 15, Feb. 8^ 1950, Biopotentials are 

discharged by microelectrodes l^om the surface of the brain (upper 
cunre) and from a depth of 0,7 jma (lower curve); gyr, suprasylvius, 
its posterior pole. Stimulating electrodes are placed on the sispface 
of the brain at a distance of 1,5 mau from the microelectrodes, 
intensity of stimulation was 25 v, , the frequency 10 per second. 

B-B is for cat Bo, 27, toe 7^ 1950, Biopotentials discharge 
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froB the ewfhce of the cortex the ■very fine electrode {\)(pper 
corvee) and frm the depths hy the aeedle-slaiped electrode 
(iessr curves). Ihe stlwlatlBg electrodes are placed on the surface 
of tile cw^jc. B is vith Eg sunk to a depth of 0,1-0. 2 be. ; stimulating 
electrodes are found at a distance of 3 mm. from E^j frequency of 
stlBulatlon ItO per second (25 v,), C is vith Eg sunk dona to the 
ehite matter j stimulating electrodes are found at a distance of 
6 MU from frequency of stliailatl® 4o per second, D is with a 
frequency of stiimilation of 10 per second. ) 

In fig, 16 recordings are presented that were obtained in 
experlmeats irtth slaaltaneous discharge of biopotentials from different 
layers of cortex, fraa the surface and fnas a depth of 0.5 mm. (osc. A), 
fTM the surface and frc® layer H (osc. B), from the surface and frau 
the vhlte matter (osc, C and »), On the basis of these ea^erlasats 
it is possible to make liiqKjrtant factiml oonolusionst tdieieas from 
the surface of the cortex a negative potential is reglstwed, in the 
different layers of the cwsrespotaing point of the oearUa potMrtlsls 
different in sign afe registered! in layere I and 11 there is a 
ne^tlve potentialj at saaeidiBt greater depth (0.5 mm.) no certain 
potential can be regiatered <w a mak poaitive fluctuatiom le 
registeredj ln layers V cad VS, as veil as under the cortex frcai the 
TfUlte matter, a positive potwtlal le registered, tins negative potential 
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discbarged firom the l^eizig in elisoet form. 

!Plie ’‘toeawlon” of the sip of the potential ^shen tlie discharge 
electrode is Sunk dcrsn into the cortex occurs anyiwhere close to the 
surface of the corteXi ;«lii(Sh shows directly that the neuronic elej»t 0 
of the siBfface layers are the source of the negative potential 
discharged from the surface of the cortex, 

Adrian (193^) came to such a conclusion on the Ixisis of the 
fact that after thermocoagulation of the surface layers of the cortex 
the negative potential in this part ceased to he stimulated. Bishop 
and Glare (1953) ^ experiments with discharge of biopotentials of 
the cortex simultaneously from three levels, from the surface layers, 
middle layers, and the white matter, found that at stimulation 
of the surface of the cortex of the upper I /3 of the cortex a negative 
potential is produced and at stimulation of the lower 2/3 either no 
potential is produced or the middle, electrode is positive in respect 
to the White substance, 

fhus, from the facts to be had it follows that the negative 
potential, discharged from the surface of the cortex at diarect 
stimulation of it, expresses excitation of the neuronic elements of 
the surface layers of the cortex. 

Histological information on layer I of the cortex. At 
stimulatioa the cortex by electrodes placed on its surface, the 
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stlBKilatliig ctirmt should primrily act on tha nem eleiBents found 

on the surfhcoi i.e« on the oloioentB of layer I of the cortex, 

lafomtlon on layer I of the coaHjex, qtwite ffleager in ord^^ 

textlxxjks, can he found in the vorks of l) Cajal ( 1893 ), S)Bel 5 literev 

{ 1898 ), 3) toeat© de Ho (1933# 19*^3)# 5) BliuHieaau {1925}> 6 ) 

O’Leary and Bishop (1938)> T) Ziaahashvlli {19^7# 19^9)# 8 ) Sarkisov and 

Poliakov ( 1949)1 and 9 ) Chang (1953). 

Presented helo^ are data on the structure of layer I, on the 

derivation of the fibers of layer I, and on their distribution and 

tenainatlons. for brevity, literary references are designated by 

the figures comspondlng to the above-iaentioned list. 

At exaniinaticm of cortical preparations stained by the Cajal 

laethod or by Golgi’s method the follcuriag well known, and, at the 

same tliua, important fact is conspicuous: in layer I of the cortex 

the predominant nerve fibers are those that proceed on a tangent with 

the surface of the cortssj in layer IX deadrltis offshoots predominate 

Which arise from the pyramidal cells of the subjacent layers, 

®tie fibers of layer I. tet of these fibers are devoid of 

2 3 ) 

medullary membrane, others are myelinated and form thick tufts ' , 
especially in the i^per and lower levels of the layer^^ Ihe fibers 
arnmged in tim deepest parts of layer 1 and on the boundary with 
layer H were described Bekhterev as a special layer of fibers. 


ftsnssi. 
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Asm$ tiie fillers of layer I ie a certain number of tMck fibers 

proceeding for great distances’"'. Ho them apparently belong the 

axons of the horizontal ceils of layer I, the length of iMch is 

so considerable that it is impossible to trace them to the md, 

hamv&T the section may be^^, SYen should it msasure several 

8 ) . 

milliiiwters ^ and likewise axons of cells with the axon proceeding 

3) 

from the subjacent layers of the cortex 

Fibers of the outer part of the layer have mainly a direction 
diamietrical to the length of the convolutioni idiereas the fibers 
described by Bekhterev have a direction corresponding to the length 
of the cerebral convolutions. According to Behhterev^ the first 
serve as a connection for the two neighboring convolutions and the 
second serve as a connection between the most diverse parts of om 

2) 

and the same convolution j often munre or less remote from one another . 

Lorente de No finds that part of the thick fibers of layer I 

do not go beyond the limit of a given cyto-archlt 0 ct<»iic field, others 

3 ) 

come from adjacent fields , 

Bekhterev came to the conclusion that "the first layer of the 

cortex generally represents to the hi^st degree conditions favorable 
o) 

to associated activity . 0*Leary and Bishop, years after Bekhterev, 
considered it q^ulte probable that the fibers of layer I participate In 
the formation of association courses like certain courses in the white 
matter. 
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Origin of m&SB of layer I. flTsers of layer I are chiefly 
axons or collaterals of different cortical neuronsj moreover! collaterals 
proceed into layer I of certain afferent fibers. follawlag kinds 
of itbars are fonad in layer I, 

1) Ih© fine collaterals of the associative and cOUosal fibers, 
(Ms vjas ascertained by Belchterev, and this was confirmed by the most 

ll 0) 

recent histological investigations , 

2) Collaterals of the axons of the pycamidal cells of layers 

1I.Vi2,3,6)^ 

In the higher maaaaals the horizontal dendrites of tl^ 
reomrent collaterals of the cells of the deep layers form In layer 
I sturdy tufts of nyelinated fibers^). By the my, Bekhterev thou#t 
Idas collaterals of the cells of the subjacent layers the chief source 
of the layer of fibers discovered by him at the boin^ary of layers I 
and II, 

3) Axons and collaterals oS neurons with a shoit axon of 

cortical layers Ccncretely, in the formation of layer I 

the following kinds of neurons with short axon participate i a) 
cells with ascending axon of layer XI*, b) cells with ascending 
axm of layers III and W| c) cells of layers III and m, similar to 
the pyramidal^ with ascending axon; the axen pj^uces collaterals 
along the way; d) small cells with round forms of layers HI and 

I? with axen rising into layer I, giving off eoUaterals along the 
way; e) cells of globular form of layers III and HT; the axon forms 
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a pX^icus arotmd the oeXX^ and the rising dendrite piroduces in In^er 

7 ) 

I sewraX tan^tlal flhers^^ f) ceXXs of layer ? with the 


axon or its ooXlaterals rising into layer I 


0*I»eary and Bishop Indicate two Biftin types of mwom with 


short axon in the granular layer (W) j n8to?onB with rising axon 


ao^ neurons with descending axoai the aawma of the first reach 


layer h Bliumenau attaches great iaportance to the fact that, 


althou^ cells with rising axon reach layer I, they are contained 


in all layers of the cortexi hut there is an especially great nuaiber 


of then in layer Vf^ fe shall cm hack again to this circunistance. 


of the top dendrites of the pyramidal cells of the subjacent layers. 


According to Ca^, the fibers of layer I form a network in the 


meaheB of which the tops of the dendrites terminate , studded, as 


Bekhterev also confirms this, with a great ntmher of thi^mlike off- 


Soots to ^ch, after Sukhanov, Sarkisov and Poliakov attach 


extraordinary importance, assuming that they serve for„ contact with 


the synaptic terminals (Sarkisov and Poliakov, 19^91 see also Ghang, 


19^)« Ihe top dendrites at having attained layer i, or someiihat 


acoording to the data to he had* 


Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6 


Bendrites of layer I. In layer 1 the mmif lections are con^leted 


earlier, split into dendritic branches, assuming a horisontal dii^ctlon; 


the length of the horlsontal dendritic branches dees not exceed g mm. , 
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Into layer I enter the dendrites of the tiny cells of layer 
U and the dendrites of the spindle-shaped cells of layers III and 
17 ascending dendritic loraEches of certain neurons with short 
axon froa layers HI and IV, hut lilceifise the top dendrites of the 
pyraiaidal neurons coaprise the overwhelming mss of dendrites of 
layer I* 

Synaptic connections of the system of fibers of layer I« 

It has been found tlmit the thick long fibers of layer I, which are 

the rising axons of the cells of the subjacent layers, produce a 

great nundier of collaterals that r^fy not only in layer I but 

3 ) 

.also in layer II and that the coUateralS of the axons of the 
cells of layer I (of Cajal's horizontal cells) enter not only into 
layer II but even into layer IH^^ Hevertheless, Bekhterev 
concluded that the top dendrites "preset to the hi^st degree 
favoiable conditions for association” through ctaitact with the 
branches of the axons that penetrate here* Cajal saw that the 
fibers of layer I, particularly the axons of the cells of layer I^ 
terminate with ramifications in the top dendrites of the pyramidal 
{ cells ) , Bekhterev presents an illustration ( 1893 # p. 213 ) in 
ifeich are shown the top dendrites and the terminations of the 
fibars of layer I on them* Zurabashvlli found in preparations 
stained for the synapses (according to Hoff’s modified method) 
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that there are nuaerous synaptic tufts to the top denarltes in layer 

7) 

II emd the whole layer Is stjrena with presymptic fibers * According 

to Loreate de HO| the top deadrites receive in^pulsatlon chiefly from 

fibers of the layer I plexus and not of the layer II, According to 

his data> the number of synapses for dendrites of the pyramidal cell 

3) 

in layer I is 1000 times greater than in layer II , Synapses 
congre^te chiefly in the area of the bifurcation of the dendrites 
and in dendritic branches after bifurcation for dendritic offshoots 
of the motoneurons of spinal cord of cat; there are fewest of them 
in the part of the dendritic trunk immediately before its bifurcation*^^. 
It is possible to think that analogously for the top docdriteB the 
greatest number of synaptic terminals of the fibers of layer I is in 
layer I in the region of their bifurcation and in their horizontal 
branches. 

On the basis of known neurological data in regard to layer I 
of the cortex, it is possible to make the following conclusions. 

1. m layer I there are meduUated and unmeduUated fibers 
attaining great length. !I!hese fibers connect with cm another the 
ad^cent convolirtl<»i8, the different parts of a convolution, as well 
as the different cortical fields, 

a, She blfurcatisss of the fibers of layer I terminate 
priaclpaUy in layers I and II of the cortex. In layer I they form 
numerous synaptic terwinals in the top dendrites of the pyramidal 
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nstiroBB. U layer II they participate in the fotmtion of a caaplex 
network of fitjers termtotlni In the neuronic elements of layer II and| 
among thaa, in the tnn&s of the dendrites of the pyramidal cells, 

3, At stimulation of the fibers of layer I actiwtioa occmrs 
Balnly of the dendrites in layer X of the cortex. Ihus^ in the 
cortex of the larger hemisperes (cerebral) there are aiatomicsl 
reasw for the possibility of more or less isolated activation of 
dendrites, a clarifleation of the function of which is the present 
problem of neurophysiology. 

4, Since the fibers of layer I proceed from the pyramidal 
neurons of all subjacent layers of the cortex and from the cells with 
axon rising from all subjacent layers of the cortex, then, conseq.uently, 
the top dendrites of the pyramids can be activated from a vast number 
of sources^ excitation of the neurons of any layer of the ccn*tex can 

be transferred throu^ the system of the fibers of layer I to the 
tops of the dendrites of the pyramidal neurons. 

Origin of negative biopotentials discharged from the cortical 
surface at direct electrical stimulation of it. It can be considered 
established that the slow negative pot^tlal arising directly in 
response to electrical stimulation of the surface of the cortex 
evesses aninly the state of excitation of the dendrites of the 
dendrites of the cortical surface layers and is a .’’dendritic potential”. 
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Beritov cam© to tliis conclusion in 1941 on tho tesls of the data 
of Adrian (Beritov, 1941) • Chang (1951)^ Eccles (1951), and Bishop 
and Clare (1953) arrived at the same view, 

Uhe facts obtained in ej^riaents with stimulation of the 
different layers of the cortex testil^r in favor of this, that the 
arising of negative potentials at stlmdation of the surface of 
the cortex is connected with excitation of the elements of layer X* 
Stimulation of the cortex was made hy the "unipolar” method,- by 
impulses 0,5 millisecond in length, and by laeans of a glass microelectrode, 
Idien the stimulation electrode was on the surface of the cortex or at 
a depth of 0,1-0, 4 amu, then during a certain intensity of stimulation 
from the surface of the cortex in response to the stimulation a 
negative potential was discharged. At sinking the electrode further, 
i,e, at stimulation of the middle and deep layers of the cortex, from 
the surface of the cortex was registered (at a given intensity of 
stimulation) a negative potential of far less amplitude than at 
stimulatlcm of the surface layer of the cortex (Bums and Oraf stein, 

19 ^)* the greatest activation of the top dendrites occurs at 

stimulation of the surface layer of the cortex in which the system 
of fibers of layer I Is found, !l!he prising of the ne^^tive potentials 
dicing stimalatlmof the middle and deep layers can be explained by 
the fact that stimulation thereby occurs of the collaterals and axons 
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tiiat rise Into layer I or of tlje correspcmdlBg cells of these layers, 
i.e. by the £&ct that the system of fibers of layer I is again thereby 
excited* 

Slow negative potentials are recorded even during deep mrcosis 
at a csmsidsrabl© distance from the part of the cortex stimulated, the 
latent period of their arising being more prolonged in th® more remote 
points than in the more proximal# She following fact can serve as 
proof that the spmd of these potentials through the cortex Is 
coveted with the spread of the excitation by the eleuents of layer 
Ij after incision of the cortex between the stlmulatii^ electrodes 
and the discharge electrode to a depth of 0.13 ^ $ bh© negative 
potential ceases to be registered (Bums and Graf stein, 1952). 

la layer I there are, as said, ramifications of the top 
dendrites and of the system of the tangential fibers. !aie length 
of the horisoatal dei^itic branches In layer I does not exceed 
2 mm. (Chang, 1951); consequently, it Is fitting to think that the 
spread of tb® negative slow potentials occurs by means of the. fibers 
of layer I. 3!he rate of spread of the slow potentials is determined, 
thus, by the rate of spread of the excitation along the fibers of 
layer I. It is 1mm that the very fine fibers of the peripheral nerves 
conduct the excitation at a rate of the order of 0,7 meter per second, 
1,©, at a rate which approximates that with Which the activity in the 
surface layers of the cortex is spread during deep narcosis. 







• 86 "* 

mtm rate of spread is considera'bly altered in connection vlth 
change of ten®ea?attire of the cortex: at it equals S a, per 

second, at 86’ 0.7 la, per second, and at 22* Q.k a. per second (Chang, 
195 ®)* 

Socles in a survey article on the "basis of literary data also 
expresses the opinion on it that activation of dendrites at stlxaulatiott 
of the surface of the cortex should proceed through the fibers of layer 
I {Bedes, 1951). However, Dow even earlier proposed a slsdlar 
clarification to the spread of activity arising in the cerebellar 
cortex during electrical stimulation of its surface (Dow, 19i^9)* 

At intensification of tl» electrical stimulation of the cortical 
surface increase of amplitude occurs of the i^g^tive potential being 
registered, 'fhis must be explained by the fact that at increasing 
the intensity of the stimulation the nu^r of fibers excited in 
layer 2 Increases, As a result of this, in the area of discharge 
the nuBiber of synaptic terminals excited, under which excitation 
in the dendrites arises, is increased. Ihe aB^lltude of the dendritic 
potential -is increased in cotmectiim with intensif Icaticm of stimulation 
up to a certain limit, neverthelessj growth of amplitude of the 
potential is limited by the number of synaptic terminals of the fibers 
of layer I to the dendrites of the discharge portion. 

Clarification, according to which activation of the dendrites is 




"*<«!# 
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reatlized through the fibers of Uyet 1, ran into difficnltyi i»hioh 

consifited of thiSi that the tuick (potential) vhlch itself expresses 

the chrreat of effect of the excited fibers of layer I (see recordings 

of the dendritic potentials la all the works pnhlished and in the 

ahove-awntloned osclllograns) does not precede the slow dendritic 

potential. Still in a number of cases it proved possible to register 

the effects of direct stiiaulatioa of the surface of the cortex in 

which the tui<dc poteirbial of coB^lex character, -tdilch consisted of 

a group of asynchronous impulses of axon origin (Fig, 1T)| preceded 

the slow neptiv© potential, This initial component is altered in 

eonnection with the change of direction of the stimulating current 

and in connection with change of place of stimulation, i,e, at 

change of the conditions of stimulation of the surface of the cortex. 

At prolosaged stimulation at a rhythm of 50 per second many eosgsonents 

of this initial effect fall out, 

The fact that quick potentials were not usually registered 

before the slow is probably explained by the poor c<^ition8 for 

discharging quick fluctuations from the- surface of the cortex, 
of 

At the moving/the discharge electrode away from the point 
stimulated the amplitude of the dendritic potentials being registered 
is reduced, i,e, there is observed, as it were, a logarithmic decrement 
spread of the activity, Fccles explains this phenomenon by the manner 




< 
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of spread of fibers of Xa^r l« laust be in the 

following ways for exanple, ej&eltatlon from the part stimulated 
comes to point A through 10 fibers of layer 1. From collaterals of 
these fibers the dendrites placed here are activated, part of these 
fibers terminaticg then and there* lBg>ulses are admitted to point 
B through 6 fibers, to point G throng 3, etc, !Ehe de^ee of 
decrement of the dendritic potential is proportional to the decrease 
of the fibers excited. 

As we have seen, not only the rate of spread, but also the 
degree of decrement and, coasetuenti^* the distance of spread depend 
OB the depth of narcosis, Burlng deep narcosis dendritic negative 
potentials are registered in cat at a distance of 5 am. fr<M the 
site of stimulation. In Bums* experiments (1951) on isolated 
strip of n€«i-mrcotlzed cortex it was registered at a distance of 
10 mi in the recordings presented as obtained on slightly narcotized 
animal it was at a distance of II m 

We have seen that during deep narcosis and generally at decline 
of the functional state of the cortex first the activity begins to 
spread to an even lesser distance and, seccmdly, its rate of spr^d 
is reduced, !!Ms is perhaps connected with the effect of the narcotic 
on elements responsible for the spread, i.e, the fibers of layer I, 

It can be thought that these fibers are very sensitive to the action 
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of th® narcotics and fall into a parabiotic state. Furthenaore, it 
is possible to assna© that the stiawlation applied to theia at this 
tiiae causes excitation iMch spreads ufith decrement along the fibers 
and their collaterals) iU attenuated biocurrents of the tenainals 
closest to the collaterals are still capable of showing a stimulating 
action on the neuronic elexaents and of stipulating the arising of 
local potentials, 

!I!hus^ electrophysiological and histological data permit 
concluding that electrical stimulatiGn applied to the surface of 
the cortex leads primarily to excitation of the fibers of layer X. 
l!he excitation, spreading along the fibers and their collaterals, 
reaches the synaptic endings that are located mainly on branches 
of the top dendrites of the pyramidal neurons) the dendrites are 
activated and generate bioelectrical potentials ^ch are discharged 
from the surface of the cortex close to the point stimulated, in 
the form of negative potentials, 

(legend to Fig. 17> textpag© HBt Quick potentials before 
slow potentials. Cat Ho, 32| July 10, 1950, discharge electrode 
is placed on the surface of the gyr, sigmoideusi A - effects 
registered when a point of the same convolutloa was stimulated at 
a distance of 10 mm, from the discharge electrode, B * effects 
registered when a point of the same convolution was stiinwlated at a 
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diBtance cf 8 jsku from tU discharge electrode (intensity of 
stlmnlRtion in both cases 30 V*),) 

Chang proposes an ^itirely different e 3 ipIanation for the arising 
and spread of the potentials being considered* The sloif negative 
^tential (discharged In his es^erimants at a distance of up to 5 m* 
from tl^ stimulating electrodes) expresses the dendritic potential 
itself, provoked by direct stlmulatiQn of the horizontal branches 
of the top dendrites. The negative potential is registered -when 
the excitation impulses arrive through the branches of the dendrites 
from the site of their stimulation under the dlstdaarge electrode. 

The spread rat© of these potentials corresponds to the excttaticwi 
spread rate in the dendrites ((Jhang, 19 ^ 1 ) • 

lonever# as said, the horizontal bzanches of the top dendrites 
have a length no than 2 ibbu ; in the experiments of Chang 

himself the potential ^as detested at a distance of 3 «. from the 
si^ of stimulation and in the case presented in fig. H, D and 1, 
the potentials vere registered at a distance of 11 ana., a fact -which 
it is by no means possible to explain from Chang's comiasnt, 

The position that the dendritic potentialB arise at stimulation 
of the surface of the cortex, provoked by direct stimulation of the 
dendrites, Chang supports by the foUowing facts j 1) In connection 
vitli intensification of the stimulation of the cortex the amplitude 
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of m aenantio potential ralatiiwly mim rwclias a mximl 
mgnltuae. Chang thihfca ttat If its origin we stipulated by 

transBleslon of the e*cttetion to th* dandritlo synapses, then 

the amplitude of the potential would be inereasod within l-sasurably 
greater limits. 2) Sendritic potentials are not appreciably changed 
undOT the effect of strychnine. This fact cannot, however, serve as 
proof of the fact that dendritic potentials arise during sttolatlon 
of the cortical surface without the agency of the synapses. It is 
veil known that strychnine docs not appreciably change the aii®lltude 
and character of local potentials of the motoneurons (arising through 
double neuronic arcs, i.e. directly under the Influence of afferent 
jfl^es) as weU as of local pot®itialB arising in the elements of 
layer IT of the oorten under the effect of afferent Impulses (see 
Chapter W). tMer the Influence of strychnine a eertaln Increase 
occurs of the amplitude of these local potentials, but we see the 
sane too in respect to dendritic potentials provoked by stimulation 
of tbs surface of cortex. The spasmodic strychnine effect is 
aieays connected vith excitation of the Intenuedlate neurons, vfcich 
the strychnine acts <m selectively In 1*e swise of elevation of 
excitability. 

It ms already been said that the neptlve potential is registered 
from the surface of the cortex end during point stimulation of the middle 
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ana deep lajera of the cortex, the negptlTO potential helag registered 
at a distaaee of several BlUtoterB froi the stimulating Blcroelectrode 

sunk into the cortex. U the opinim of Bums and Qiafsteln (1952) 
this fact shoes that the negative potential arises without pertioiiatian 
of the fibers of layer I, that it is stipulated 1 ^ excitation of the 
horlsontal branches of the top dentoltes, i.e. they think that during 
stimulation in the depths of the cortex the top dendrites are excited 
and then the excitation spreads along their horlsontal branches in 
iSFr I of tile cortex. However, this fact is easily explained otherwise ■ 
if it is taken into oonsideratlon ttat the fibers of layer I arise 
from the subjacent neurons, chiefly of the middle and deep layers of 
the cortex. It is not remrkable that at stimulation of these elects 
ne^tive potentials arise: excitation spreads along the ascending 
axons (or collatewas), then along their horizontal branches to layer I 

and stipulates the arising of local potentials to the top dendrites 

on which the fibers of Isyer I tenatoate synaptlcelly. 

With the method of stimulation used and with narcosis stimulation 
of the motor area of the cortex did not lead to the arising of movement, 
whereas from the surface of the motor area of tiie cortex around the pirt 
stimulated alow negatiW potentials of greater amplitude were registered. 
Thus, to the dendrites of the pyramidal neurons excitation arose, toe 

pyramidal neurons as a whole were not excited. Bo discharges of 

excitation into their axons occurred, i.e. into the pyramidal courses. 
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It ifl characteristic that vhea a aegatiire potential is discharged 
from the surface of tlie cortex la reeponse to stimulatioa of the cortex, 
thea in the same part of the cortexi from the microelectrode found at 
th© letel of the cellular bodies of the larger pyramidal neurons (at 
a depth of 1.3 nmu) quick discharges are never registered (Bums and 
Oraf stein, 1952 ). 

It is known that if by thermocoagulation the upper three layers 
in field 4 die, then at stimulatioa of this part the same motor 
reactions are provoked as prior to destruction by layers) the threshold 
of electrical stimulation is not thereby altered. After destruction 
of all layers of the cortex, only very powerful stimulations provcjke 
a motor reacticm because of direct stimulation of the tdiite mtter 
(Busser de Barenne, 1933a, 1934). Since the threshold of provocation 
of the motor reaction was not changed after thermocoagulation, then, 
consequently, during the given (waaditions of eaqperiment reactions were 
provoked because of direct stimulatim of the cellular elements of the 
deep layers. It is also known tl»t the threshold of provocation of • 
motor reactions when there is stimulation of the motor cortex depends 
on ^ jttsthod of stimulation (Dusser de Barenne, 193^) * at unipolar 
stimulation it Is lower than at bipplar stimulation, at which electrical 
lines run mainly throng the dendrites of the pyramidal cells. Hence, 
it is possible to conclude that isolated stimulaticm of the dendrites 
does not lead to excitation of the corresponding cellular bodies. 









^ 9 ^ 

On ^ of tb© data of Clare emd Bishop (195*^) tt likewise 
is pc^sible to coBCloae that when the top dendrites of the assoclatian 
pyraiaidal netirohs undergo diiect electrical stiswlation (stismlating 
fflioroelectrodes at a depth of 0-0.3 m), then dischar^ of excitation 
impulses into their axons does not occur j when the (cellular) bodies 
of the association pyramids (the microelectrodes were sunk into layer 
I?) are stMilated directly, then discharges of impulses in their 
axms arise tinder the effect of the same stimulation. 

The facts obtained in experiments with simultaneous registration 
of biopotentials from different layers testify that when excitation 
arises in the dendrites under the effect of impulses from the fibers 
of layer I, the (ceUular) bodies of the pyramidal neurons are not 
aroused by impulses into the axonsj likewise, no local excitation arises 
in them that would be expressed in registration of a characteristic 
negati've potential from elements of the deep layers. Gonsetuently, 
excitation of dendrites of the pyramidal neuron does not lead to 
excitation, spreading or regional, of the remaining parts of the neuron 
(cellular body and axon). Thus, tdien excitaticm ia^mlses come to the 
top dendrites of the pyramidal neurons, the reacti<xi is limited by _ 
the arising of regional excitation of the top dendrites* 

With weak single stimulations of the cortex and with deep 
narcosis and strong stlaalatioas a simple bioelectrical reaction 
arises, a negative biopotential, the minimal length of which is 
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equal to 10 idllisec^a. ainiaal len^h of such a 
potential developed hj the motoneurons and hy the intenaediate 
neurons of the spinal cord of cat Is the same. On the basis of 
this it is possible to assume that the length of the elementary 
local potential, i.e* of the regional excitation, is approximately 
identical for the various neurons of the central nervous system, 
for instance for the neurons of the spinal cord and of the cerebral 
cortex, (footnotes At direct electrical stimulation of the optic 
covering of frog the negative potentials discharged from its surface 
likewise have a length of about 10 milliseconds (Soitbak, 1952),) 

On the basis of experiments with simultaneous discharge of 
biopotentials from the various layers of the cortex it ms concluded 
that the level at Which alteration of the sign of the potential 
occurs lies soms'idaere close to the surface, apparently at the 
boundary of layers II and III: r negative potential expressing 
regional excitation of the dendrites is registered only frm layers 
l-II (Fig, l6). At deeper placement of the discharge electrode in 
the cortex, they stop discharging any considerable effects or they 
change their sign. Hence, it is possible to conclude that regional 
excitation (and a local potential corresponding to it) arising in 
the top dendrite does not spread downwards through the dendrite for 
any considerable distance and that it is virtually limited to the 
place of Its arising under the excited synaptic endings. If we: 


'wmi- *^1 
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v»re persuaded earlier of this, that Moeleetrical poftentlsls are 
extreaiely local la respect to spreading along the surface of the 
cortex and that the loops of stimlatlng current vith the stlisulatioa 
method in <|uestion are not spread through the cortex to such a degree 
as to cause excitation of the nerve elements at a point of the cortex 
laying in line vlth it, then too It is possible to conclude in regard 
to the physical spread of the hloourrents and of the stimulating 
currents in the depths of the cortex: this Issues from the possibility 
indicated of isolated activation of surface layers of cortex* However, 
finally, in natural condititme of activation of the cortex isolated 
activation of the surface layers cannot proceed. As ve have seen, 
the main source of the fibers of layer I ccaisists of the ascending 
axons of cells with short axcn and the recurrent collaterals of the 
pyramids, fhus, the excitation of the fibers of layer I and the subsequent 
activation of the top dendrites (and other eleiaents of the surface layers) 
presumes the preliminary excitation of the neurons of other layers of 
the cortex, particularly of the neurons of layer IV, which is the main 
regional ending of the afferent fibers of the cortex. 

Thus, bn the basis of an analysis of tbe dendritic potentials 
of the pyramidal neurons it Is possible to make the following two 
basic theoretical conelusloas: l) excitation iiig?ulses arriving at 
the dendrites provoke in them regional nonspreadiag excitation j 2) 







Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6 


-97- 

regional excitation of the top aenflrites floes not lead to excitation 
of the oorrespondlag pywiiiaal neurons. (Footnote! Ihls conclusion 

vac mde on the hasls of the results of pointed experlaente with 
exposure of the cerehral cortex. Hence, as A.B. Kogan pointed out, 
the following objection is possible! during exposure of the cortex 
the top dendrites fall into a parabiotic state and, in response to 
the IngiulBes that come to them, respond with regional excitation. 
Hormally they conduct excitation to the body of the cell.) Ihese 
exclusions agree with the oonoluslons of Berltoy concerning the 
aetiwlty of the dendrites, that were made x the basis of an 
analysis of numerous facts from the histology and i^lology of 
the central nervous system (see Beritov, 19‘H> ^9*^9, 1953)* 

■ttey do not agree with the prevalent except, according to which 
the dendrites conduct excltatix to the body of the xU xd even 
are deteetxs "collecting" the strxa of nerve Isgiulses from different 
sources xd transmitting them to the axon (Gesell, 1940| Pollahov, 

1953). 

In virtue of the fact that the pyramiaal neurons were oriented 
vertical to the surface of the cortex, ewerimeats with deep sinking 
of the discharge Bixxlectrofle frx Idie surface of the cortex vertixl 
to the Vhlte rotter penult, concluding x to profUe of to outer 
elactrtxl field, whlX arises at regional excltatix of to dxdrites! 
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polnts around the part excited, i.e. around the top dendrite, are 
negative, and the points around •Oe eeU body and axon are positive 
In respect to «ie reiaote "Indifferent" point (Fig. l8, textjage 52: 
Potentials opposite In slffi> recorded froB different parts of the 
pyraBldal neuron at excitation of Its top dendrite. P - stlaulatlng 
electrodes on the surface of the cortex. O-Oj^ - oonditioml level 
at i*ich the "inversion" of potential occurs. The scheme vas con- 
structed on the basis of results of electro^slological experiiaents. ) 

Berltov thinks that dendrites do not conduct excitations 
because Ite fine, bare bifurcations of the dendrites develop an 
active process of little Intensity, and this process up to the body 
of the cell Is not in a condition to spread, owing to the biocurrent 
that thereby arises (Berltov, 1948, 1949), However, it can be thought. 
In additlwi, that the neuroplasm of the dendrites Is different In Its 
properties from the neuroplaBm of the cellular bodies. For Instance, 
the various staining properties of the cellular bodies and of the 
deadifites to be detected even with Hlssl's method indicate this. 

Finally the fact that exoitatlwi of 1die dendrites during natural 
ooaditlons of their stimulation (i.e. under the effect of the excitation 
impulses conducted to them by the fibers) does not lead to excitation 
Of 'ttw neuron is perhaps explained likewise by the fact that the 
presynaptlc fibers terminate differently on -aw bodies of the neurons 
and their dendrites (see below). 








■ ' ■■ 

Shierrlagton concliaded that the axon type of excitation 
condtjction is natural not cmly to axons of nenre cells hut also 
to their hodies as^ their dendritic offshoots and that the synapse 
hy its unique structure Is capable of changing this type of 
excitation conduction, In regard to the dendrites, tills conclusion 
UBS mde by Mm on the basis that the dendrites may be nerve fibers 
having cerebral-spinal ganglia in the form of a neuron (Sherrington, 

1906 ), Souever, as JfeloE© ri^tly notes (1932) > it is necessary 
to distinguish relationships in the central nervous system and in 
the posterior-root ganglia and it is impossible even to assume that 
dendrites of the central nervous system are similar in their properties 
to sensory-nerve fibers, 

fp to the present time the Idea that dendrites of all neurons 
conduct excitation in a uay similar to that by vhich the peripheral 
nerve fiber conducts it ms prevalent, but facts, obtained by -oscillographic 
study of the central nervous system have led recently to a charge of 
opini4ais on this statement by a number of American physiologists,' 

Chang thinks that at electrical stimulation of the top dendrites 
excitation spreads not only through their horizontal branches, but 
also through the dendritic trunk downwards to the body of the pyramidal 
neuron at the rate of 1-2 m, per second, Excitation of the dendrites, 
according to Ghang, Is normally transmitted to the body of the pyramid 
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and mea to the axon. However; during aarcoeis the excitation of the 
dendrites does not provoke excitation and discharge of the corresponding 
pymiaidaX cell, since hlockade occurs of the excitation at the site of 
the transition of the body of the cell into an axon. By this is explained 
the fact that the shock of electrical stimulation applied to the surface 
of the motor area of the cortex, provoking a negative potential, does 
not provoke a Htotor reaction, Nevertheless; as vas pointed out, the 
local potential is registered only at the level of layers I and II. 

!I?huS; there are no bases, for considering that the excitation reaches 
the body of the pyramidal neuron and Is blocked at the place of 
emergence of the axon. 

fflie difference in methods of activation of the pyramidal 
neuron, throu^ the cell body or through the dendrites, according 
to Ghang, consists of this, that because of the low rate of excitation 
conduction throu# the dendrites the latent period of excitation is 
in the second case considerably (by 3*5 milllsecond.a in his estimation) 
greater (Chang, 1951 ). 

However, later, on and issuing from histological data on the 
presence of two types of synaptic connections between the cortical 
neurons, the axosomatlc and the eotodendritic, Cfhang came to several 
other views. In his opinion, in connection with the fact that 
presynaptlc fibers terminate on the body of the pyramidal neuron 
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witk numeroue thickly dlstrihuted synapses, excitation of these fibers 
usually causes the discharge of pyramidal neuron in question; 
presyaaaptlc fibers on the dendrites of a pyramidal neuron terminate 
vith a moderate number of linearly distributed synapses, and excitation 
of these fibers usually does not lead to the discharge of the pyramidal 
neuron in question) the discharge can proceed with simultaneous 
excitation of a great number of paradendritic synapses (Chang, 1952), 

At excitation of the body of the pyramidal neuron the excitation 
spreads, according to Chang, on the one hand, into an axon, and, on 
the other, upward through the dendrites to the surface of the cortex 
(Chang and Kaada, I 950 ). fhls universally adopted point of view, 
according to which the dendrites conduct the excitation, is also held 
by Lorente de Ho* On the basis of a study of the biopotentials of 
neurons of the nucleus of a sublingual nerve at their antidremiic 
excitation, he came to the conclusion that the rate of spread of _ 
excitation In the nerve cell (body of the cell + dendrites) is of 
the order of ^ m. per second. He thinks that the antldrcmiic iu^pulses 
spiead along the dendritic bifurcations by the saiae principle as in 
the nerve fiber, i.e. because the current of excitation subsequently 
stitshlates portions of dendrites along the travel line of the excitation. 
Likewise, be considers the question unsolved idiether Impulses reach 
the very fine bifurcations of the dendrites (Loreate de Ho, 19^7). ~ 
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Bishop and Clare (1953) oa the basis of the data obtained In 
experiittsnts irlth discharge of potentials from different layers of the 
cortex at stimulation of Its surface formed the conclusion that 
dei^rltes of pyramidal neurons do not conduct excitations dmrnaTd 
to the body of the cell, i.e, entirely tiiie sa»» conclusion as mn 
nrnde by me on the basis of llhe experiments, lovever, on the other 
hand, on the basis of experiments with 8timulati(xi of the deep layers 
of the cortex, they reached the conclusion that dendrites of pyramidal 
neurons conduct excitation from the body of the cell upward to the 
surface of the cortex, % still come back to paradoxical conclusions, 
accoirdijag to vhich dendrites do not conduct excitation orthodromically 
(l,e, to the body of the cell), but antidromlcally (l.e, from the body 
of the cell), 

(legend to Fig. 19, textpage 5^: Oppression of "spontaneous” 
electrical activity during stimulation of the surface of the cortex.^ 
lecordings A and B - cat Ho. 26, June 3, 1950. Belatlvely deep 
nembutal sleep, fhe stimulating electrodes dnd discharge electrode 
are placed on surface of the gyr. suprasyXvius, fhe discharge 
electrode is a distance of 2,5 m, from the stimulating electrodes. 

A - beginning of tetanic stlMilatlon (frequency 50 per second, 
intensity 30 v,). B - after 10 seconds of tetanisationj end of ^ 
stimulation. 
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Eecordijjgs 0 and D - cat No, May 20 , I950. Belatlvely 
deep neabntal eleep. The stimulating electrodes (P) are placed on 
the 83^* slgmoideus post.; potentials are discharged simultaneously 
from a point on the surface of the same convolution at a distance 
of fi m from ? upper, curves) and from the surface of gyr. 
suprasylvius 10 mm, distant from P (ig, lower curves), C - l^eginning 
of short tetanic stimulation (50 per second# 25 v. ), D « end of 
stimulation, S - scheme of arrangement of electrodes (Bolthah, 

1953a).) 

Inhihition of ’’spontaneous” electrical activity. In the 
course of investigation we were repeatedly confronted with facts 
evidently related to the phenomenon of cortical inhibition. 

At the time of stimulation of the surface of the cortex at 
a rhythm of 50-IOO per second, attenuation and even complete oppression 
of ’’spontaneous” electrical activity (Fig. 19) can occur j reduction of 
it occurs after O.5-I second through cessation of stimulation. 
Oppression of ’'spontaneous" electrical activity proceeds at those 
points of the cortex at which negative slow fluctuations occur in 
response to stimulation, i.e, during deep narcosis this occurs in 
a small territory around the stimulating electrodes. At those points 
of the cortex wliere the stimulation in (|uestion does not cause 
negative hlopotentlals "spontaneous" electrical activity is not 
altered (Fig, 19, 0 and D). Oppression of "spontaneous" electrical 
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aGtlvity at tantanlzatldn of th» Burfaoe of the cortex occurs too 
vhen, ae a ccaise^uenoe of local strychnialzation, this activity is 
sharply intensified (fig* 20, textpage 55: Oppression of "spontaneous” 
electrical activity at stimulation of the surface of the cortex. Cat 
No, 12, JDec, 2, 1949. Stimulating electrodes and discharge electrode 
on the surface of the gyr. suprasylviusj distance between them 2 m. 

11 minutes after local poisoning of the brain under the discharge 
electrode with a 0.1^ solution of strychnine, A - Intensification of 
electrical activity (after poisoning) and beginning of tetanic 
stimulation (50 per second, 25 v»). B - immediate continuation of 
recording A, C - electrical activity 0, 5 second after cessation of 
stimulation. For this period of 0,5 eec, the electrical activity 
reoeined depressed. ), 

On the basis of the facts cited it is possible to assume that 
oppression of "spontaneous” electrical activity during tetanization 
of the surface of the cortex Is causally connected with the negative 
slow potentials arising thereby, t,e, that oppression of "spontaneous” 
electrical activity is stipulated by excitation of the dendrites in the 
surface layers of the cortex. 


It would be possible to give this phenomenon another explanation 
by admitting that the "spontaneous” activity is stipulated mainly by 
the activity of the nerve elements of the surface layers of the cortex 
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and that eleaentB aetlvstefl as a result of the tetaalzing 
Btlauiation no longer produce rhythmical fluctuations of "spontaneous" 
actlTlty. However, it is known that after thermocoagulation of the 
upper two layers of the cortex "spontaneous" electrical activity of 
the part in question does not disappear hut only attenuates somewhat 
(Dusser de Barenne and JtooCuUooh, 1935, 1936) . Beeantly it was 
estahllshed that dwing ooi^aratlvely weak stimulations of the surface 
of the cortex at 50-100 a second a prolonged negative potential of 
a nonfluetuatlng character arises (Beritov and Eoltbak, 1953). The 
aii®lltude of this potential is Inereased at Increase of frequency of 
the stimalation and reaches 1 ailliv. and more. The slow negative 
potential reaches a sBximsl aisplitude 1-1.5 seconds after the hegiimlng 
of tetanizatlon of the surface of the cortex and lasts 3*^ seconds, 
®»dually attenuating, (Fig. 21, textpage 56i Long potentials of 
nonfluetuatlng character that arise during electrical stimulation of 
the surface of the cortex. Cat under dee? neafcutal narcosis. On the 
surface of the gyr. suprasylvlus the stimulating electrodes were placed 
and 3 si^ 10 mm. distant from the discharge electrodes. Booater with 
a reater time oemstant. Length of irritating atlmili 0.5 fflUlisecond. 
k - frequency of stimulation 9 per second. B - frequency of stimulation 
50 per second. C - effect of repeated stlmalBtlon after 10 seconds. 
Intensity of stimulation in experiments A - C 10 v. B - intensity of 
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stimulation 5 v, , fre 9 .uency 100 par second. Deflection upward 
denotes negati-ye character of discharge electrode very close to 
the point of stimulation (Beritov and Boithak^ 1953).), 

With the beginning of the de^lopment of the negative potential 
the "spontaneous" electrical activity immediately attenuates or ceases 
and remains oppressed throu^out all the time of the beginning of 
this potential, fhufi, regional, fixed, nonfluctuating excitation 
of the system of dendrites in the surface layers of the cortex 
stipulates inhibition of activity of the neuronic elements of the 
cortex. 

On the other hand, during ccsnparatively intense stimulations 
of the surface of the cortex at a rhythm of 50-100 per second a 
prolonged positive potential can arise that is attended by intensification 
of the "spontaneous” electrical activity (Berltov and Boltbak, 1953), 

When from the surface of the cortex a long negative biopotential 
is discharged, the inner layers of the cortex are polarised in a positive 
way (fig. 15). It can be thou^t that activation of the dendritic 
plexus of layers I and II stipulates the anelectrotonization of the 
cellular bodies of ■One pyramidal neurons in the inner layers of the 
cortex and by this very thing oppression of "spontaneous” electrical 
activity. 

© 1 ® facts obtained at passage of a constant current through the 
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cortex ea? eerve ae argianent for the correetneBS of this aBsm®tlon 
(Bums, 1954 ). if to a smaU part of the surface of the cortex an 
anode Kbb applied, then nith a current energy of about 100 aioroaiiperes 
excitation occurred of the cortical neurons. This phenomenon did not 
arise with a reverse direction of the current. In another series of 
experiments a mieroelectrode ws introduced into the cortex to a depth 
of 1.2 am., l.e, into layers T-VI. When it was oomieoted with a 
cathode of constant current, then an excitation arose of the cortical 
neurons. When it was connected with the anode, no excitation arose. 

Intense rhythmical stimulation of Isolated non-narcotised strip 
of cortex aroused excitation of neurons of the deep layers of the part 
stimulated, with prolonged aftereffect. If at this time to the surface 
of this part of the cortex a cathode of constant current was applied, 
then the aftereffect broke immediately. The same effect was obtained 
if the anode was applied to the microsleotrode Introduced into layers 
V-H of this part of the cortex. Thus, during negative polarization 
of the summit dendrites inhibition occurs of the activity of the 
pyramidal neurons of a given point of the cortex as a consequence of 
positive polarization of their cellular bodies: the oateleetrotonus 
of the dendrites is associated with the anelectrotMiuB of the cellular 
bodies. Is it impossible to compare this Jhenwienon with perlcatelectro- 
tonus, with the phenomBnon of anodic reduction of the exoltahlllty In 
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the region of the neuron adjacent to the region of the oatelectrotonue! 

on the baale of the ftots Just cited It is possihle to conclude 
that during artificial polarization of the cortex uhen the cathode 
IB on its surface there Is created an electrical field the saae In 
configuration as In the case of natural excitation of the top dendrltee 
throi# tetanization of the fibers of layer I that bring about their 
excitation. 

Vorontsov (19^9) thinks ttot at excitation of the dendritic 
ramifications very weak currents should arise that may show only an 
insignificant effect on the bodies of neurons. However, he considered 
the results of excitations of the very fine ramifications of the 
dendrites. We too have seen that during regional excitation of the 
top dendrites of the pyramidal neurons a positive potential of great 
ai®litude is registered from the bodies of these neurons. 

In coiaectlon with What'has been said above, the following 
fact Which we have already mentioned is of interest. In experiments 
with registration of biopotentials of tbe individual motoneuron 
throu# a mlcroeleotrode inserted therein it has been established 
that when exciting afferent impulses reach the motoneuron, then an 
ordinary local potential (negative) arises in it, iditch we have 
already spoken of above. Whan inhibiting afferent impulses arrive 
at tbe motoneuron, then a poalttva potential of the same length and 
form as the negative local potential is registered fr<» the motoneuroa 
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(Ecclee, 1952, 1953)* ®ius, the process of regional excitation and 
the process of inhihltion have an electrical display oppolite in sign. 
i»roceediag from the dendritic hypothesis of inhibition (Berltashvlll, 
1953), Is necessary to assume that inhibited ijj^ulses are impulses 
coi^ to the synaptic endings on dendrites of the motoneuron. !I?he 
body of It is thereby polariaed in a positive vay, as we saw in regard 
to the body of the pyramidal neuron during regional excitation of its 
dendrites (see Boltbah, 1955, for more detail). 

Gontributi<m to the question of the lability of the dendrites. 

As hnown, the hi^r boundary rhythm of excitation is the standard 
of lability (functional liveliness). With characteristics of lability 
these bring a reaction which is most specific to the tissue in question 
(lahtomskii, l939-to). HJhe lability of the nerves is determined by 
the higher rhythm of the currents of effect, since the excitation 
that is spread is most specific to their reactions. As we have seen, 
regional excitation for the dendrites is a specific reaction, and if 
the same principle is applied here, then lability should be 
determined by the higher ihythm of the local potentials. 

The hi^r rhytdm so determined for the dendrites is equal at 
deep narcosis to 100-125 per second. I^e lability quickly drops in 
the course of stimulatioas the rhythm of stimulation (50-100 per 
second) is reproduced only at the very beginning of stimulation, then 
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the effects quickly attenuate and go down to nothing (Fig, 12), 
!I!hua, stiawlation frequencies of 50-100 per second for the cortical 
surface can, as it vere, be noted as the worst j the optiaal will be 
frequencies of 10-20 per second, 

In Yvedenskii *s ©xperiaients with nerve-iauscle preparation 
(l886) the worst state was euMd up In the nerve-muscle lamina. 

In expertonts on it with strychninized spinel cord (l90l<-) it is 
in the motor neurons of the anterior horn. In the oscillographic 
experiments of Berltov and Boitbak {l950e) on strychninized spinal 
cord it is in the intermediate neurons. But when this state is 
suDBaed up during stimulation of the surface of the cortex, in the 
fibers of layer X, in their synaptic endings, or In the dendrites, 
on what principally are these terminations foundt The nerve fibers, 
the conductors, always possess greater lability than their station 
of destination. This evidently is the general rule and the fibers 
of layer I of the cortex, in spite of the fact that the greater part 
of them are devoid of ayelln, hardly present an exception. However, 
there are also factual iadications that during prolonged several- 
second stimulations of the surface of the cortex at a rhythm of 50 - 
100 per second the nerve fibers of layer I continue conducting 
excii^tion and transmit it through the synapses to the neuronic 
elements (see Chapter III). 
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it should toe concluded that the phenoasna of intensification 
and of attenuation of the toioelectrlcal potentials toeing considered dicing 
chaiages of frepency of stiraulation of the cortical surface reflect the 
very processes occurring in the dendritic offshoots of the pyraiaidal 
neurons. 

Certain preceding discussions lose their significance if the 
(^iginal position is inaccurate^ that the hi^r rhythm of the local 
potentials is the criterion of lahility for the dendrites. Indeed 
can the rhythm of local potentials testify unreservedly to the 
functional liveliness of the dendrites or of the cellular bodies? 

As said, at application to the spinal sensory nerve of sutothreshold 
(in the sense of provocation of the reflex discharge in the motor 
nerve) shock of stimulation in the corresponding motoneurons of the 
spinal cord a regional excitation or local potential develops and 
after 10 milliseeonds attenuates. If stimulations are applied vith 
such calculation that from each sutosequent shock of stimulation 
afferent impulses come to the motcmeurons even to attaining the 
preceding local potential in its hei^t, then the phenomenou is 
otoserved of sunemtion of local potentialsj a nonfluctuatlag slow 
potential of greater amplitude arises, i,e, the curve of the toioelectrlcal 
potential no longer reflects the rhythm of the stimalation. However, 
it is absurd to consider this the expression of the worst state of 
the motoneurons, since the phenomenon of summation of regional 
stimulation lies at the basis of the excitation, of the discharge of 
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the BfiMTons. Ihe S8« refers aXeo to the local potentials of the 
newe fibers. Bentoltio potentials cease to arise through the 
rhythm of stimulation at teltabllity fretuencles of 5O-IOO per second, 
hut It Is Incorrect to consider these frequencies as the worst. A 
nonfluctuating potential thereby arlBea, the ampUtude of which is 

-than the emplltirifi of the elenentary dendritic potentials 
that arise at individual shocks of stimulation. Its amplitude is 
increased at increase of frequency of stimulation within the limits 
of 20-100 per second. This aonfluctuatlng dendritic potential is 
not an eplidienomenon, hut is ocameoted, as we see, with a process 
of inhibition. 

Certeln hi# frequencies of stimulation at which a nonfluctuating 
potential arises less in intensity and length than during certain 
l(wer frequencies can perhaps he consldared as the "worst" frequencies 
la regard to local potentials. For Instance, In the experiments of 
Belov and hapitafeil (1935) the slow potential discharged from ttie 
surface of the spinal card of frog araring stimulation of the sciatic 
nerve at a stlmnlatlon frequency of 100 per second reached an empHtude 
of 1 Billiv. and lasted for a long time during uninterrupted stlmulatlan. 
At a stimulation frequency of 200 per seccsia the potential after a 
Btoll rise (0.3 miliv.) quickly dwlnaied to nothing. Or, for instance, 
the slow nffljfluetuatlng potential disoharged fiwm the surface of the 
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i^duilla obloa^ta of fvo$ during etimulatlon of the Bclatic aervo 
has St a stifflolstion fre^^cy ot 100 per second a lesser aasplltude 
than at a frequency of 10 per eecondi at a frequency of 100 per 
second during uninterrupted stimulation it quichly attenuates, 
uhereas at a frequency of 10 per second it preserves for a long 
time its initial an^lituda (Hoithah, 1952 ), 

a. Supplerasntary legfttlve Potentials 
During deep narcosis the Moelectrical potentials that arise 
in response to direct electrical stimulation of the surface of the 
cortex are relatively sij^le and constant, fhey are altered from 
intensity, frequency, and duration of stimulation in a certain 
simple dependency on these factors, idiich lias pointed out in the 
first part of this chapter. However, at light narcosis in a way 
like that hy which motor reactions on the terminations are ci^liceted 
and Income altered (hut not stereotypic as they are at deep narcosis) 
from direct electrical stimulation of the motor area of the cortex 
(Dkhtomskil, 1911), the hioelectrlcal responses of the cortex are 
coB^li.oated and hecome altered at direct electrical stimulation, of it, 

These complex Moelectrical effects will he examined further on. 

further hack a detailed analysis was given of these potentials 
simple in character which express regional excitation of the top 
dendrites of the pyramlda that sets in iimaedlately wder the effect 
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of iiaiptilses from thiS fibers of layer X. ebaracterlstlc bioelectrical 
reaction to stimnlatloa of the cortical surface teing deep narcosis 
is a negative biopotential of 10 milliseconds* duration. For Instance^ 
in recordings A and B of Fig, 12 the first shock of stimulation causes 
this el^le bioelectrical reaction, a ne^tive potential lasting 10 
milliseconds and reaching an amplitude of 0,T5 milliv, Subseq,uent 
shocks with a stimulation fre^yency of 3 per second (recording A) and 
16 per second (recording B) cause potentials of greater amplitude 
(1,2 mllllT,) and of greater duration (up to if 0 milliseconds). 

•Ehe increase of amplitude 'and duration of the negative slow 
potentials occurs because of the rise of additional negative fluctuations. 
In Fig. 8 are indicated the first 2 effects of stimulation at a rhythm 
of 16 per second. Addltioml fluctuations are indicated by arrows, 
fhe first shock of stimulation causes an elementary dendritic potential 
not coii^Ucated by supplementary fluctuations^ !i!he second shock provokes 
a more complex effect: the elementary negative potential is complicated 
by two additional negative fluctuations, 2!hey arise on the descending 
part of potential and stipulate increase of the length of the effect. 
At a stimulation fretuency of 1 per second and less the effects remain 
sli^le, and in response to single shocks of stimulation stereotypic 
responses arise. 

Supplementary fluctuations can be expressed not only in the 
fora of ’’huB^s” on the background of the main dendritic potential but 


.-wsBi- ■'Via, ' '<«»- "-oinjiil 
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oaa toe fluctuatlcms of consideyatole aas^litude sharply separate from 
the first negative potential. During certain conditions their 
amplitude can consideratoly exceed the au^litt^e of the Initial negative 
potential, 

(Legend to fig. 22, textpage 60: Supplementary negative 
potentials. A, B, and C - cat Uo, 23, B&y 17, 1950. Stimulating 
electrodes dnd discharge electrode on the gyr. suprasylviusi 2.5 
mm. between them. Stimulation frequency about 12 per second. A - 
stimulation Intensity of 5 v., B - 10 v,, C • 30 0 - cat Ho. 30, 

Jljly 1, 1950 , Stimulating electrodes are placed at the anterior 
pole of the gyr. suprasylviusj; at a distance of 4 and 10 bbiu from 
them in the same convolution are placed the discharge electrodes \ 
and Ig, !Sje potentials are registered simultaneously from point 
(lover curve) and l!g. Stimulation Intensily 30 v., frequency 10 per 
second. E - cat Ho, 9, duly 28, 1^9. Distance toetveen stimulating 
electrodes and discharge electrode ^ m. Intensity of stimulation 
16 V., frequency about I 3 per second, f •* after one minute of 
stimulation, \ - effect of twice as powerful stimulation 30 seconds 
after the heart has stopped. G * cat Ho. 32, duly 10, 1950. Stimulating 
electrodes and discharge electrode are placed on m gyr. slgiffisideus 
poet. (P - E « mfflu ). Stimulation intensity 30 v. , frequency 10 
per second* Stimulation did not provoke motor reaction of the animal, ) 
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fiiese supplefflentary waves arise first In connection with 
intensification of the stlHuXation (Fig. 22, A-C), secondly, as we 
have already seen, in connection with th© increase of freqL«®3i«5y 
the stimulation, and finally in connection with repeated stiswlations 
(Fig, 22, 0)* 

During stimulation at a rhythm of 10 per second these additional 
fluctiBtioas can he intensified through the course of the stimulation 
(Fig, 22, D and O), la a number of cases in the course of the stimulation 
the latent period of their arising is reduced. During prolonged 
stimulations the supplementary fluctuations attenuate in a greater 
measure than the initial negatl've potential. For instance, in one 
experiment, the beginning of which is presented in Fig. 28, D, the 
2d, 3d, i^th, and Jth, shocks of stimulation caused double effects, 
but already the 6th ^lock and all subsetueat ones ceased to provcjke 
a supplementajry negative potential. Under the effect of strychnine 
additional fluctuations are extremely intensified (Fig. 23), whereas 
the initial negative potential increases very little (Footnote? A 
certain intensification of the Ihltlal negative potential under the 
effect of strychnine indicates that under the effect of strychnine 
intensification occurs of local potentials, i.e. of regional excitation. 
An analogous ctmelusion was made on the basis of experiments on the 
spiml cord (Berltov and Boltbak, l$^b).) During stryoiminisation 
the latent period of a supplementary fluctuation Is reduced (Fig, 24) 
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and It can unite with the first, as tlie result of which a single 
prolonged potential arises. Dicing stimulation at a rhythm of 10 
per second alternation of effects complicated "by gigantic supplementary 
fluctuations can he observed with sia^le effects (Fig, 23), i.e, 
during repeated, stimulations supplementary fluctuations, intensified 
under the effect of the strychnine, can separate out (compare Chang, 
1951b)* 

(Legends on tesetpage 62, fig. 23: Effect of strychnine on 
cortical bioelectrical effects caused by electrical stimulation of 
the cortex. Cat No, 28, June 10, 1950. Nembutal, Stimulating 
electrodes (P) - on the gyr. supraeylvlus. fhe potentials are 
discharged from the same convolution at a distance of it m, from 
P (S^, upper curves) and from a point of the gyr. suprasylvius of 
the opposite hemisphere, syusaetrical to the point stimulated {l2^ 
lower curves). Stimulation frequency 10 per second, intensity 30 v. 

A - prior to poisoning, B and C - 5 minutes after local poisoning 
with strychnine (l^) of point P - effect of stimulation at a 
rhythm of 3 per second after poisoning of point with a saturated 
solution of stiychnlne. 

Fig. 24: Effect of strychnine on the biopotentials of the 
cortex that were provcfeed by its electrical stimulation. Gat No. 12, 
Dec. 2, 1949i Nembutal. 1!he stimulating electrodes and discharge 
electrode are placed on the gyrus suprasylvius] the'disctoge electrode 
is found at a distance of 2 aaa. fr<Mi the stimulating electrodes, A - 
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tbe effect of a single stiisulation (S5 v.) prior to poisoning. B - 
10 Minutes after local poisoning of the corteas: under the discharge 
electrode hy 0.1^ solution of strychnine. C 15 Minutes after 
poisoning (in esqperiMent C - Intensification is reduced).) 

During very li^t narcosis or in experiments on non-narcotised 
preparations the very first shock of stinmlation produces con^lex 
effects 'With* supplementary fluctuations (Fgi. 25? textpage 63: 
Bioelectrical potentials registered on the surface of the cortex 
near the point stimulated in non-n^rcotized cat. Cat Bo. 31 > 

4, 1950. fhe larger hemispheres (the cerebrum) are revealed, the 
spinal cord is intersected at the boundary of the medulla ohlongata, 
artificial respiration. distance » 3 sasu, P-Bg » 7 wm. 
Stimulation intensity 30 v. , frequency 10 per second. A is the 
beginning and B end of brief -stimulation (shortly after this 
recording the functional state of the cortex worsened greatly).). 

fU facts cited permit concluding that the supplementary 
negative potentials are stipulate by the activity of the intermediate 
cortical neurons. This Indicates t 

l) 'Eheir disappearance during a worsening of the ftanctional 
state of the cortex or their sensitivity to narcosis. As Chang 
(1951) pointed out, during anoxia supplementary fluctuation disappears 
after 1 minute j the initial negative potential, as already said, 
disappears after 1.5 minutes. 
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2 ) !!!h 0 ir ^uidc attenuation during long exhaustive stijiiulatiwas, 

3 ) !I?helr intensification in connection with intensification and 
increase in frequency of the stlatulation. 

if) fheir senstivlty to strychnine. 

SistoXogical infonaation on layer II of the corteac. Axonal 
plexus of layer II. In layer II there is a con^plex plexus of axon 
terfflinations, in wtdeh the short axons of the cells of layer 11 , the 
collatmls of the fibers of layer I, and the ascending axons of the 
cells of layer III participate {lorente de Ko, I 933 ), 

Types of cells of layer II, l) Star cells (aDdifled pyraadds). 
These are cells of aveinge else with numerous dendritic offshoots 
proceeding in all directions and supplied with spines. The axon runs 
into the white laatter, giving off 6-10 collaterals into layers,!, II, 
HI, ?, and (lorent© de lo, 1933 ; G'leary and Bishop, 1938), 

g) Cells with horizontal axon. They are distinguished from 
the precedla^ by their axonj it has a h<nrlzontal direction and gives 
off a great number of shcnrfc collaterals that spread into layer II and 
teniinate, according to lorente de Ho, on the bodies of the star cells. 

3) <^eils with ascending axon. They are of a lesser size. 

Their dendrites spread into layers 1 and II, but the axon, at having 
attained layer I, divides into two tangential fibers, each of which 
gives off collaterals (liorente de Ho, 1933), 
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k) Cell? vlth desod^ites proceeding vith tvo tnfts into layere 
X and III. or its brancli proceeds into layer III, terminating 

there around the pyraiaids (O^Xeary eoad Bishop, 193^)* 

In fig, S6 layer' II Is schejnstically presented, its neuronic 
elejuents and their connections, (legend to fig, 26 , textpage 
Soheiaatic depiction of the neurons of layer II of the cortex and of 
certain of their connections, 1, 2, ai^ 3 are the main types of 
neurons of layer II of the cortex, 1 is a neuron ¥ith ascending 
axon. 2 is a neuron with horizontal axon. 3 Is a neuron vith 
descending axon and collateral returning into layer I (star cell), 

Xhe scheias ms coaposed on the basis of certain histological data, ) 

On the basis of certain histological inforaatioa mentioned 
abo*\re about layer II of the cortex it is possible to make the following 
conclusions! 

1 . During excitation of the system of fibers of layer I 
excitation of tlie cells of layer II can occur, because in layer II 
there are numerous collaterals of the fibers of layer I, 

2 , During excitation of the cells of layer II activation can 
occur of the top dendrites in layer I, because among the cells of 
layer II are cells with axon ascending into layer I, which take on 
there a horizontal direction and give forth many collaterals. In 
addition, the axons of the star pyramids give forth collaterals into 
layers X ai^ XI, 
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3. Btsrisg excitatioB of tlm cells of layer II activation can 
occur of elea»nts of tJie deep layers of the cortex, since the axons 
of the star pyraiaids give forth collaterals into layers III, V, and 
VIi and certain cells with short axon of layer 11 tenainate in the 
pyrasiids of layer ni. 

ij-. IJuring excitation of the horizontal cells activation should 
proceed of the entire coa^lex of star pyramids and, thEuhe to the 
latter circuni8tanc©| intensified activation of the deep layers. 

Origin of supplementary negative fluctuations, Ihere is no 
douht that the suppleiaentary negative fluctuations in the effects 
that arise in response to stimlation of the surface of the cortex 
are stipulated hy excitation of the intracortlcal neurons. Histological 
data give indication that they should he stipulated by the activity 
par excellence of the neurons of layer II of the cortex.- Ihe 
meehanisffi of their arising in the sla^lest case can be connected 
tfith excitation of the cells of layer II vith axcai ascending into 
layer i (fig- «. . 

Bm'ing stlmalation of the fibers of layer I ia^ulses of 
excitati<ai proceed first to the synaptic endings of the fibers of 
layer I for the top dendrites and, secondly, to the cells of layer 
11 with ascending axon, the endings and collateirals of vhich form 
additicaml synaptic fields for the top dendrites. As a result, 
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itt response to the stiaulation, the first negative 
flucttmtioa arises, already designated hy as the elejagntary 
dendritio potential* In the cells of layer II there also arises 
a reiional excitation, and (when there is a good fimctlonal state 
of the neurons), ^en it reaches a certain size, these neurons are 
discharged by ia^ulses into -ybeir ascending axons> ^Ich stipulates 
additional "Ispulsation*’ to the top dendrites of layer I, the 
arising in them under the synaptic endings of the ascending axons 
of a regional excitation, and the arising of a supplementary ne^- 
tive fluctuation in the effects being registered, 

During participation of cells with short ajem that branch 
for a short distance in the limits of a given lajj^r (typical Golgi 
il cells), cells tMch are extremely numerous in all layers of 
the cortex, an association and involven»nt In the reaction of the 
new coii|>lexe8 of cells with ascending axon can occur, which readily 
explains the fact of the arising of a series of supplem 0 iita 3 ?y 
fluctuations, 

Hxcitation of the neurons of layer II proceeds as a result 
of the spread (in connection with intensification of stimulation) 
or of l^e tei^jorary (in connection with Increase of fretuency of 
stiffiulatlQa) summation of excitation. I’repency of 10 per seccaid 
Is evidently an optimal frequency of stimulation for excitation of 
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these aeurons gowniljag the arisliJg of actional negative 
potentials, 

teing stryohaine poisonlngi in consequence of the elemtion 
of excitability, a greater nui^r of intracortical neurons are dimx 
into reaction and their activity is synchronized. A result of this 
is that for the top dendrites of the pyramids there sets in at each 
stimulation an Incomparably greater nuaa)er of impulses from the 
tnteiEmsediate neurons. Because of this, intensification of a secondary 
negative fluctuation and the arising sometimes of a ehole series of 
additional fluctuations occur. 

At stimulation of the surface of the cortex (during excitation 
of the fibers of Ipyer I) not only laeuroaic elements of layers I and 
H can come into an active state but also the neuronic elements of 
the deeper-lying layers as a result the excitation, for instance, 
ctf the star pyramids of layer 21 (fig. 26 - 3), This should lead 
to the arising of hev bioelectricaX phenomena, to a consideration 
of which we ^11 proceed immediately, 

3. Positive Potentials 

At placement of the discharp electrode more deeply into the 
middle and deep layers of -to cortex the sign of the potential 
prov<&ed by stimulation of the surface of the cortex changes. To 
this phenomenon was given an ea^lanation, according to which the 
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a3?i8liig in the dendritee of tha pyraaidal moron of a local potential 
and, conseqt^ntly, of a difference of potentials between the dendrites 
and the other parts of a given neuron leads to positive polarization 
of the latter, i.e, of the cell body and axon. It is possible to 
think that in case of the arising of a regional excitation in the 
bodies of the pyramidal neurons a positive potential will be registered 
from the surface of the cortex (from their top dendrites). 

(legend to Fig. 27, textpage 66 1 !i!he arising of positl^ 
potentials in connection with increase of freq,uency of stimulation 
of the surface of ^ cortex. Cat No, 27, June 7, 195 O. Cyrus 
suprasylvius. Distance between discharge electrode and stimulating 
electrodes k raau Intensity of stimulation 30 v, A « fre<iuency of 
stimulation per second. B * frequency of stimulation 40 per 
second.) 

Adrian in his works with stimulation of the surface of the 
cortex and mgistration of the Moelectrical reactions arising 
established tl^t during a good functional state of the cortex shocks 
of stimulation, for Instance at a rhythm of 10 per second, provcke;: 
nei^tlve potentials at first, then the sign of the potentials changes, 
i.e. positive fluctuations begin to arise, the amplitude of lAdch 
grows in the course of the atimulatlwi, the potentials may become 
more complex in connection with the arising of additional positive 
fluctmtlons (Adrian, I 936 ), 
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Thls phencaaeaon vas observed too In Biy experiments. Conversion 
of negative potentials to positive in the course of the stisailatlon 
occurs the more 9 .ulckly the more frequent the stimulation up to a 
certain limit* At a stimulation frefuenoy of 10 per second this 
can proceed only after several seconds of stimulation/ as this vas 
in one of the experiments of Adrian. At a frequency of per second 
this can proceed after 0.2 sec. (fig. 2?)# ^ut in one experiment 
this proceeded after three shocks of stimulation (Fig. 36, C). On 
nGn-narcotlzed rahhit it is possihle to observe hcwr even at a 
frequency of stimulation of 3 per second the effects after several 
seconds of stimulaticai change their sign. On narcotized cats this 
change usually occurs only at a certain relatively greater frequency 
of stliaulatiGn ( 20-50 per second). At lesser i^equencles of 
stimulation this phenomenon does not arise however much the stimulation 
has been prolong^. For instance^ in the eacperiments certain recordings 
of which are presented in Fig, 28 it was established that dinrlng 
several-minute stimulation at a ihythm of 1 per second the effect of 
its character did not change (osc. A). (Legend to Fig. 28, textpage 
67 s fhe arising of positive potentials in connection with Increase 
of frequency of stimulation of the surface of the cortex. Cat Ho. 56, 
duly 16, 1953. Hembutal. l!he stimulating electrodes and discharge 
elee-^ode are established on the surface of the gyrus suprasylviusj 
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4£|t£mee l9et«6en discharge eleotrodd arua sttalating electrodes 3 mu 
lateaslty of stlnwlation 30 v, A - fre<|,taen<^ of stimulation about 1 
per second^ B - about 5 per second, C - about 10 per second. P - about 
25 per second; 0.5 second after the beginning of stimulation. 1-10 
seconds after beginning of Btiimalatlon. Becordlng by Schleiff oscillo- 
graph.) At a fretyeiicy of stiiaulation of 5-10 per second, in spite 
of the fact that complex double negative potentials arose, i.e in 
spite of the excitation of certain con^lexes of intermediate cortical 
neurons, no change occurred of the sign of the biopotential; at 
prolonged stimulationB progressive attenuation occurred of a supple- 
mentary fluctuation (osc. B and G), At a freq^uency of stimulation 
of 25 per second the negative potentials began pickly and progressively 
to attenuate (osc. D), and after seveial seconds of stimulation ea(di 
shock provoked a quite positive potential (osc, S), 

In certain preparations a powerful single stimulation can 
immediately provoke a positive potential of greats amplitude, arising 
after the artefact of stimulation. It is interesting that in these 
cases at a frequency of stimulation of 10 per second only the first 
shodii: of stimulation provokes a positive potential; the seccmd and 
all subsequent shocks of stinmlation provoke negative potentials 


(fig, 22, C). 

BcMsltlve iK)tentiala, c(»iislderablc in amplitude, cmua arls^^ 
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after a suppleaentary negative potential (Fig. 28, A aad B). 

/ ® , ■ 

According to Ghang, preceding a supplementary negative potential 
is a positive one, l.e. in response to stimulation a Motive potential 
arises tliat passes over into a positive am, after iMoh a second 
negative fluctuation follows. This actually can occur (see Fig. 15), 
But iaiis is not the rule? suppleaentary negative fluctuations can 
arise without the preliminary first negative potential having changed 
to positive (see Fig. 22), 

Finally, a positive fluctuation (Fig. 23, C) can precede the 
initial negative potential, which Chang (1951) nls© points out. 

In the majority of cases after the negative potential a low 
positive deflection is observed of considerable length. It is 
difficult to say whether It always expresses activation of the 
elements of the deep layers, since it is observed also during deep 
narcosis. Ferhaps this is the analogue of the subseqtMsnt positive 
potential after regional excitation. Such resultant potentials 
arise, as already said, in the motoneurons. 

The following data regard the positive potentials that arise 
at stimulation of the surface of the cortex. 

I, In experiments on Isolated strip of cortex the following 
facts were established, When the cortex was not narcotised, then 
in response to a shock of stimulation applied to the surface of the 
cortex a brief negative potential arises (30 milliseconds), after 
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Which a positi-ve potential follows that lasts 2-4 seconds; on its 
hackgronnd fluctuations arise at a frequency of 60-75 per second. 

At light narcosis these fluctuations drop out and a long positive 
potential arises in pure form (Bumsi 1951) • During deep narcosis 
the length of the positive potential is shortened to 0.1 second, 
i.e. in response to a single stiiaulation the two-phase effect already 
described arises 5 after the negative potential a positive one arises 
of less amplitude and greater length (see, for Instance, Fig. 8). 

At sinking the discharge electrode deeper into the cortex the 
positive potential discharged from the surface of the cortex changes 
its sign at a depth of 0.4 snu Thus, that the positive potential is 
connected with the active state of the elements found below layer II 
of the cortex is directly demonstrated (Bums, 1951). At the micro- 
electrode being sunk In deeper, the positive potential attenuates, 
then changes its sign, i.e. a negative potential is registered, fhe 
latter reaches its greatest amplitude at a depth of about 1,3 m. 

It is characteristic that the amplitude of the negative potential 
at this depth exceeds the amplitude of the positive potential 
discharged from the surface of the cortex (compare recordings a and 
S’ig# 29 a textpage 69 , the legend to which readsi Bloelectrlcal 
potentials discdiarged by the microelectrode from different layers 
-Of the cortex at stimulation of its surface. Isolated strip of 
cortex of cat with circulation preserved, 1!he glass microelectrode 
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V8S k ML distant from th® stimulating electrodes, and later on it 
mn stffik more deeply into the cortex, lihe Indifferent electrode 
ms placed on a them^coagulated part of the cortex, surface 
of the cortex ms stimulated vith a single electrical stimulus. 
Booster with a more fixed time, a - Microelectrode on the surface 
of the cortex; h - microelectrode is sunk to a depth of 0,59 mm.; 
c - at O.Ta ffifflo* d - It 1.5 mm. ; e - at 2.03 mu Deflection upward 
signifies the negative character (Bums and Oraf stein, 1952).). 

Thus, the main source of a positive potential discharged from the 
surface of the cortex at stimulation of the surface of the cortex 
consists of neuronic elements located at a depth of 1, 3-1. 5 mm. , 
l.e, neuronic elements of cortical layers ? and VI, !Ehe fact that 
the threshold of provocation of the positive potential is least 
at the position of the tip of the stimulating microelectrod© at this 
depth, on the other hand, testifies to this. It is greatest when 
the stimulating electrode is found on the surface of the cortex 
(Burns aid Oraf stein, 1952). 

2. While stimulation of the motor region of the cortex cause® 
negative biopotentials, contraction of the corresponding muscles does 
not set in. Movements arise only when stimulation of the cortex 
begins to cause positive potentials, contraction of the muscles 
setting in when the positive potentials discharged from the surface 
of the motor region of the cortex reach a certain definite magnitude. 
Thereby, th® group of implses of excitation in the muscle (Adrian, 
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1936 ) corresiHsnds to each positive fluctuatian in the cortex. At 
the tias the positive potential is discharged from the surface of 
the cortex discharges of very pick Impulses of larger aiaplitud© 
are discharged from the depths of the cortex hy a microelectrode. 
^ese discharges are registered only idien the tip of the electrode 
is at a depth of ite. in the region of the main source 

of the positive potential, in the region vhere the "bodies of the 
larger pyramids of layer Y are found (Bums and Graf stein, 1952)^ 
fheee discharges, as already said, never arose at the time of a 
negative surface potential. !Phu8, the positive potential registered 
frcMH the surface of the cortex is connected vlth excitation of the 
pyramidal neurons of the deep layers of the cortex. 

3* Positive response spreads without decrement at a rate of 
0 , 6 - 0.15 m. per second (Adrian, I 9361 Burns, 1951)* Curing narcosis 
it spreads for a distance of up to 7*5 On the Basis of, the 
spread without decrement, the conclusion is mde that the spread 
of positive potentials Is linked with transmission of excitation 
into the deep layers of the cortex from neuron to neuron through 
the synapses (Adrian, 193^)* spread of the positive potential 
is avoided by incision of the cortex to a depth of 1 . 25 bsq. (Bums 
and Graf stein, 1952)* According to Bums, neurons of the deep 
layers form a network consisting of "self -excitation” nerve orhits. 
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!iaie BElaliaal length of these nerve orhits, In his opinion, etmle 2 miu 
(footnote: In a 1951 paper Bums gives a graphic aepletion of this 
network. In the illustration of the Bums ana ©paf stein article 
(1952) the eleiBsnts of the network are presented in the form of cells 
with off shoots; However, the depiction given there of the connectitms 
of the neurons is senseless from the point of view of generally known 
neurological data: the offshoots of the neurons establish synaptic 
connections between one another, i.e, the axon of on© neuron with 
the axons of other neurone, the dendrites of one neuron with the 
dendrites of other neurons, finally, in the 1955 work Burns supports 
some of his theoretical ideas on the activity of the network of 
nerve elements of the cortex by model experimeata with "titration 
neurons" (,*),) 

Origin of positive potentials arising during stimulation of 
the surface of the cortex. On the basis of a number of facts cited 
above it is possible to consider demonstrated that the positive 
fluctuations discharged from the smface of the cortex during 
stimulation of Its surface ai*© connected with excitation of the 
neuronic elements of the deep layers of ^ cortex* On the basis 
of electrophyslologlcal and histological facts known at the present 
time it is possible to e:^lain first the arising of positive 
potentials during excitation of the elei^nts of the deep layers 
and, secondly, it is possible to ei^lain in what way during stiiauiatioa 
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of the surface of the cortex excitation of the elements of the deep 
layers arises, 

Bering clarification of the arising of the positive potential 
discharged from the surface of the cortex it is posslhle to use 
the same reasoning as for clarification of the arising of a positive 
potential discharged from the depths of the cortex at activation of 
the surface layers of the cortex, i#e, it is necessary to think 
that vhen regional excitation, a negative potential, arises in the 
bodies of the pyramidal neurons, then the corresponding top dendrites 
of these pyramids must be polarized in a positive fashion. Shis is 
virtually ctoserved too, and this is d.lrectly shown by Burns’s 
©sgperiments. As already said, at sinking the discharge electrode 
Into the cortex to a depth of 0.4 mm. and lower, a negative potential f 
is registered (the same electrode discharges a positive potential 
when on the surface), linally, it" is known that at direct stimulation 
of the neuronic elements of the deep layers (by means of a needle 
electrode inserted deep Into the cortex) from the surface of the 
cortex positive fluctuations of potential are discharged (AWan, 

193 ^, ‘ Bums and Oraf stein, 1952)* 

!rhu8, the positive potential discharged from the surface of 
the cortex expresses a positive polarization of the top dendrites 
of the pyramidal neurons, Btlpulated by regional excitation of the 
deeply situated parts of these neurons, probably of their cellular 
bodies for the most part. 
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During very intenes atimilatlons of tte cortical surfaeo tlie 
loop of electrical current can she* a direct stimulating action on 
tte neuronic elements of the deep layers and cause their eKOltatlon. 
However, difflng the eonditiona of stimulation idilch were used in 
ay eweriments, as already said repatedly, primarily -Hie fillers of layer 
I were excited. Excitation of layer I filers can stipulate excitation 
of deep layers hy neurons of layer I, on which collaterals of layer I 
fibers end. Since the descending axons of the (modified) star pyramids 
of layer II discharge collaterals into layers III, V, and VI end certain 
neurons of layer II have an axon terminating around the hodies of the 
pyramidal neurons of layer IH, than consequently at excitation of 
theae neurone activation of the deep layers should occur. If the 
neurons of layer II with horizontal axon (Mg. 26 - 2) are exolted, 
the collaterals of i&ich terminate in many star Kyiamids of layer II, 
then this can evidently lead to excitation of a tdiole ea®lex of the 
latter and to moat intense "impulsation" into the deep layers of the 
cortex. 

Tbe follovlng facts olataliaed by Bums and Oraf stein {195^) 
speak In fayor of tbiS| that excitation of the ne\n£*ons of the deep 
layers and the erlsjng of the positive ptential can proceed and 
occur as a result of the excitation of the filers of layer I, Wwu 
the Intensity of stimulation of the cortical surface was threshold 
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tn th$ sense of the provocation of a positive potential at a certain 
distance from the region of stiamlatioa, then surface-most section 
of the cortex around the stimulating electrodes , vhieh stopped l^e 
spread of the negative potential, inhihlted the arising of the 
positive potential too* During inteimie stimulations of the surface 
of the cortex the positive potential spread even after intersection 
(again the depth of the section, as already stated, did not reach 
1.25 m), but the latent period of its arising in a remote part 
after surface section of the cortex was lengthened ee'v^eral times. 

Thus, excitation of the fibers of layer 1 can stipulate the arising 
of a positive potential* By means of the fibers of layer I 
excitation of the deep elements of the cortex In a part remote 
from the region of stimulation can proceed more quickly than when 
the elements of this part are activated as a result of the successive 
spread of the excitation throu^ the neuronic elemaats of the deep 
layers of the cortex. 

Thus, with stimulations of the cortical surface moderate in 
intensity excitation of the elements of the deep layers occurs througli 
tlie fibers of layer I that are first to be excited* 

According to Bums (1951), the negative potential arising 
timBsdiately in response to stimulation is the reason for the arising 
of a positive potential. the negative potential reaches a certain 
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critleal mmlj 30-35^ ot its laaxlraai amplitude, then it 

heewfl the source of a discharge of inplses nhich spread downvard 
through a top dendrite to the body of the pyraiaidal neuroEu Spreading 
through the axon of the pyraMdal neuron and Its collaterals, the 
excitation embracesi other neurons of the deep layers. Eccles (1951) 
thinks this the laost likely explanation of the niechantsm of the arising 
of positive potentials. Ghang (l95l) alao thinks that the positive 
potential arises idaen the iH®ulses of the top dendrites spread to 
other parts of the pyramidal neurons* 

Thus, with such integration the local potential of dendrites of 
the pyramids is considered as a source of the excitation of the pyraiaidal 
neuron, We, with this point of view, run into the diaiastrlcally opposite 
one which is developed in the present work and according to which 
regional exclteticm of the dendrites Is not the source of the excitation 
of the corresponding neuron. 

Adrian case to the conclusion that the arising of the positive 
potentials being considered is the result of the fact that the bodies 
of the pyramidal cells are excited and that their dendrites are at this 
time in an inactive state (Adrian, 193B). However, it is in^ssible 
to allege that at electrical stimulation of the surface of the cortex 
elements of the deep layers, prticularly of the body of the pyraalds, 
were seleetively excited. It must be thoui^t that In this case too, 


r 

.r 
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trheii m potential U registered from the surface, elements 

of both deep and surface are found In an actl^ee state, however 

the activity of the deep layers is dominant, and it must be thought 
that the potential being registered from the surface of the cortex is 
the result of a negative potential and a positive potential* At 
stimulation' of the cortical surface, owing to the spread of excitaticaa 
throu^ the system of fibers of layer I, the top dendrites of a certain 
ntimber of pyramidal neurons of the point of the cortex being discharged 
come into the regional excitation. However, at excitation of the 
fibers of layer I excitation can also occur of the deep layers through 
the star other neurons of layer 11. As a result of this, the deep- 
lying parts of the pyramidal neurons, of their bodieB, can enter into 
a state of regional excitation. If, for simplicity, cm© pyramid neuron 
Is taken, then a regional excitation In the summit dendrite arises 
in it under the Influence of li^ulses from the first source under a 
certain number of synaptic endings of the fibers of layer I. If at 
this time excitation from a second source of a greater number of 
synapses occurs for the body of the neuron being ccmsldered, then a 
more intensive regional excitation arises there and Hie negative 
dendritic potential wlU be masked by a positive polarization of the 
dendrite, stipulated by the negative potential of the body of the 
pyramidal neuron. On the other hand, the neptlve potential too, 
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diseliarged from -the surface of tim cortex, shoiid aot always testify 
to the isolated activation of the oleBents of the surface layers? 
regional excitation of the dendrites can oiask regional excitation of 
the hodies of the corresponding neurons. ®ence, logically it follcws 
that> with snore or less identical excitation of the surface and deep 
layers, from the surface of the coarfcex as a result of an algehraic 
summaticn of potentials identical in intensity and opposite in sign 
there can generally he registered a certain electrical potential, 
teing deep narcosis the sign of the potential discharged from t!ae 
surface of the cortex can actually testify to the activation of the 
surface layers (during stimulation of the surface of the cortex) or 
of the deep layers (at stimulation of the afferent fibers • see 
Chapter I?). IMs is connected with the fact that during deep 
narcosis actiirity is limited by those elements on which Impulses 
from the fibers of layer I that are stimulated or the afferent 
impulses act directly. In these elements regional excitation arises, 
and the reaction terminates In this. At light narcosis when the 
excitability of the neurons is relatively high subsequent excitation 
of the neurons occurs, as well as transmission of the excitaticm by 
numerous elements In the various layers of the cort^ and, as we 
see further on, in different parts of the cwtex. C^tainly an 
analysis of the bloeleotrlcal potentials being registered from the 
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siarface of the cortex hecoiaeB in connection with this much more 
coag^lex* 

In connection with has been said abOTO; certain recordings 
of bioeleetrlcal potentials will be considered below. 

We have seen that at deep placement of the discharge electrode 
below layer 11 the negative potential arising imniediately in response 
to stimulation changes its sign: the negative potential is recorded 
from the surface, the positive potential from the depths. As for 
the supplementary neptive potential, as Chang (1951) ascertained, 
its sign does not change at deeper placement of the electrode. !l!his 
is seen In recordings C and D of Fig. 15. A supplementary neptlve 
potential expresses regional excitation of the top dendrites arising 
under the effect of impulses from neurons of layer II that are 
excited. However, as we have seen, at excitation of the neurons of 
layer II a transfer of impulses occurs to elements not only of the surface 
but also of the deep layers of the cortex, as a result of which the 
discharge electrode found in the deep layers discharges a ne^tive 
potential of the excited neuronic elements with which it comes in contact, 
fhus, under the influence of in^ulses from the fibers of layer I an 
isolated activation arises of the elements of the surface layers. At 
excitation of the intermediate neurons of layer II activation occurs 
of the elements both of the surface and of the deep layers of the cortex. 







Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6 


-X39- 

In Fig. 30 are presented recording interesting to analyze. 

Witka stiiulation intensity of 16 v, (threshold 3 v.) shocks of 
stimulation at a rhythm of 8 per second caused double negative 
potentials that set in without an appreciable latent period (osc. 

A), At switching to a stimulation fre^'i^ncy of 4o per second each 
shock of stimulation began to provoke a negative potential of 
considerably lesser amplitude than at infre(iuent stimulations:, fh© 
second ne^tive fluctuation was especially reduced. After several 
seconds of stimulation the effects attenuated still more. At 
switching to a frequency of stimulation of 8 per second the stiumlation 
shocks began to provoke the same effects as prior to tetanizatinn 
(osc. I}* With the Intensity of the stimulation at 30 v, the stimulation 
shocks at a rhythm of 8 per second caused effects considerably different 
frcmi the effects of stimulation at l6 v. (osc, C)! insignificant 
negative deflection arose even prior' to its ccMapletlon 6 milliseconds 
after the moment of stimulation, and a powerful neptive potential 
set in with additional fluctuations In its descending prt. fhus, 
the ii^ession Is created (if the initial first Insigtilf leant fluctua* 
tl<m is mistaken for an expression of polarization from the intense 
electrical stimulation) that at energetic stimulation an effect arises 
with a greater latent period. However^ there are no bases to consider 
the initial deflection as a whole an artefact, It is necessary to 
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coaiidej? it a highly attenuated negative potential, vhich. at 16 v. 
mched a considerably greater aaplltnder It is possible to explain 
this phenomenon by the admission that energetic stimulation causes 
activation of the eleiaants of iiie deep layers (perhaps because of 
the fact that the current directly excites not cmly the fibers of 
layer I but also the cells of layer II). lajs positive potential 
arising at actimtion of the deep elements almost removes the neptive 
potential which the elements of the surface layers develop* ^ 
results of experimentation with a change-over of the frequ^cy of 
stimulation to 40 per second apeak in favor of the accijracy of such 
a hypothesis. After 13 shocks of stimulation pwely positive potentials 
of low an^lltud© and length began to arise. After switching a#ln 
to infrequent stimulations the effects gradually became such as they 
were prto to tetanizatlon. It is possible to observe the change-over 
frcsa purely positive initial fluctuaticms to insignificant negative 
initial fluctmtioas (osc. D, S). 

(Legend to Fig. 30, textpage J Arising or positive potentials 
in eoniKction with inteiusification and Increase of frequency of stimula- 
tion of the cortex. Oat Ho. 27# ^taae T, 3^950. Kembutal, Stimulating 
electrodes and the discharge electrode are placed on the gyrus 
suiu^sylvius. Bistance between discharge electrode and stimulating 
electrodes « 3 mm, A - intensity of stimulation 16 v.> frequency ia 
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thQ at 8 per tJbett 40 per second. B - end of one- 

second stimilation with frequency of kO per second and shift to a 
frequency of 8 per second. 0 - Intensity of stiumlation 30 v.| 
^equency in the heginning at 8 per second, then per second. B - 
end of one-second stiaulation with a frequency of 40 per second and 
a shift to a frequency of 8 per second. 1 - continuation of recording 

(Legend to Fig. 31, textpage 75: "Conversion” of positive 
potentials into negative in connection with prolonged stimulation of 
the cortex. Oat Ho. 58 , Nov. 21, 1953. Booster with more constant 
time. Stimulating and discharge electrodes are placed on the gyrus 
suprasylvius, Bipolar dls charge i one discharging electrode is 
found at a distance of 5 nmi, the second at a distance of 15 mm. from 
the Btimulating electrodes. The intensity of stimulation 30 v, 
frequency of stimulation about ^ per second, A - beginning of 
stimulation. B - 0.7 second after A, C - effect of stimulation 
after prolonged stimulation of the brain. ) 

In oscillogram A of Fig, 31 is presented the effect of the 
beginning of stimulation of the surface of the cortex at a rhythm of 
$ per second. After the artefact of stimulation a negative potential 
arose which was quickly broken and a positive deflection of greater 
amplitude de^loped. As a result of prolonged stimulation the 
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positive potentials ceased arising, and the stimulation beg^n to 
cause only negative potentials (osc* C), It is characteristic 
that the latter now had greater aa^litude than vhen the coii®>lex 
positive pol^ntials arose after them. It is evident that activation 
of the deep layers of the cortex masked the activation of the elements 
of the surface layers, 

Thus, we have encountered complex hioelectrioal phenomena. 

Bach recording retuires special analysis, and in the conclusions 
to which the analysis leads there sometimes remains much of the 
hypothetical. . 

4. Contribution to the Question of the Spread of 
Activity 1?hrough the Cerebral Cortex 

Below a number of recordings will be considered that were 
obtained in experiments with stimulation of the cortex and registration 
of the biopotentials, ^ich were made on animals under very li^it 
narcosis., irhese data conpel one to recognize that position, 
thanks to which the negative potentials that arise at direct stimulation 
of the cortex spread with decrement for moderate distances, is in need 
of major correctives, 

(legend to fig, 32, textpage 76: Distribution of activity 
through the cerebral cortex from the point stimulated. Cat lo, 27 , 

June 7i 1950 , Helatively shallow nembutal mrcosls. Stimulating 
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electrodes (?) are placed on the anterior pole of the gyms 
BuprasylviuB. In experiments A--D the potentials are discharged 
simultaneously from point (upper curres) at a distance of 3 m, 
from P and from point Ig (lower curves) at a distance of 13 mm. 
from P. A - effect of stimulation during an Intensity of stimuli 
of 16 V. and a frequency of 10 per second. B - aftereffect. C - 
beginning frequency of stimulation 10 per second, then the frequency 
changes to 50 per second. B « intensity of stimulation 30 v» , 
frequency 10 per second. In experiment S the second discharge 
electrode Sg Is placed on the posterior pole of the same gyrus. 

Distance of P - » 21 ma. | frequency of stimulation 10 per 

second, intensity - 16 v.) 

!Phe recordings of fig. 32, A - D, were obtained in the following 
way. On the ^us suprasylvlus were placed} the stimulating pair 
of electrodes (P) and, at a distance of 3 and 13 mm. from them, 
the discharge electrodes (Bj^ and Eg). OJhe threshold of provocation 
of the negative potential at point E^ equaled 3 v. In order for 
the negative potential to arise at Eg the intensity of stimulation 
necessary was 10 v. Iflth 16 v, at point Eg considerable potentials 
arose but of 4 times lesser amplitude than at point E^ (osc. A). At 
point E^ the negative potentials arose with an insignificant period 
of latency. At point Eg It was with a latent period of 10-11 milliseconds, 


*^sfwa* 





Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6 



assumes a rat© of spread of about 1,5 m, per second. 

"Spontaneous” negative potentials arose at both points 
simultaneously (osc. B), 

5hus, as a result of the stimulation of one point of the 
gyrus suprasylvius activation occurs of the top dendrites of the 
pyramid neurons over a vide territory of this convoluti<Mi, 

(legend to fig. 33, textpage 773 Spread of activity 
throu^ the cerebral cortex from the point being stimulated. 

Gat lo, 3^; 2, 1951. 3?he potentials are discharged simultaneously 

from the middle part of the gyr. suprasylvius upper curves) and 
from the gyr. sigmoideus post, (jgg, lever curves). first pair 
of stimulating electrodes (F^) is placed on the anterior pole of gyr, 
suprasylviusi the second pair (Fg) on the posterior pole of this 
convolution (see scheme). The distance Fg-Eg» 30 mm, A - "spontaneous" 
activity, B and C • stimulation through ,Fj_, B - effect of the 20th 
shock at a frepescy of 2 per second and an intensity of 12 v. G • 
intensity of stimulation 25 v, j at first the effect of one shock, then 
a atlmulati<»i of a frequency of 10 per second is applied (attention 
is drevn to the fact that a single stimulation was applied at the time 
of the "spontaneous" slow fluctuation in gyr. suprasylvius), B • effect 
of stimulation through Fg. ) 

~ Attention is called to the fact that with a freqtuency of 
stimulation of 50 per second at a remote point potentials ceased to 
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arise in response to shocks of stiBwlation and at the sjost proxiiaal 
point for each, shock of stimulation a negative potential arose 
(osc. C), i.e. the Impression vas created that at a stimulation 
frequency of 50 per second transmission of excitation at point Eg 
ceased* 

At stimulation of the anterior and middle parts of the gyrus 
supraaylvlus negative potentials arise in the posterior gyrus 
slgmoideus* In the same preparation stimulation of the posterior 
pole of the gyrus suprasylvius cannot lead to the arising of bio- 
potentials la the gyrus sigmoideus (Fig* 33)* 

(Legend to fig. temtpage 78: Spread of activity through 
the cerebral cortex from the point stimulated. Gat Ko. June 
28, 1950 . The stimulating and 2 discharging electrodes are placed 
on the surface of the gyrus suprasylvius. The first discharge 
electrode (Ej^) is at a distance of 3 mm*, the second (Eg) at a distance 
of l4 mm. frcBE the stimulating electrodes. The biopotentials, discharge 
simultaneously from points (upper curves) and (lover curves). 

A - intensity of stimulation 30 # fretiuency 10 per second, beginning 

of stlmulatiOB. B - intensity of stimulation 20 v, , frefuency 10 
per second. C - frequency 20 per second. B 100 per second. 
Experiment B vas carried out prior to experiments A - Dj intensity 
of stimulation 30 v., frequency 10 per second; at time of exposure 
the direction of the stimulating current vas changed (attention is 
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called to tlae direction of the artefact of stiiaulation),) 

With very light narcosis (Fig. 3^ lihe activity begins to 
spread from the point being stimulated not only to greater distances 
but also ’Without appreciable decrement: the amplitud© of the potentials 
at a remote point can be even greater than iffiarby (osc, A aiad B), 
Furthermore, complex effects ariae, the character of which shows that, 
together with lu^ulses from fibers of layer I by direct activation of 
the top dendrites, additional activation of them occurs froa the 
intermediate cortical neurons, the various complexes of which are 
Included in the activity at a different time. A small positive 
fluctuation precedes the negative potential at point Eg. However, 
this is evidently an expression of polarization, since this fluctuation 
disappears at change of direction of the stimulating current, Whereas 
the character of the negative potential is not changed (osc. S). 

Sometimes just one shock of stimulation causes prolonged 
rhythmical aftereffect. In the aftereffect the activity spreads 
through the cortex for a greater distance. In the experiment, the 
recordings of which are presented in Fig, 35 > the shock of Btiumlatlon 
applied to the surface of the anterior pole of the gyrus suprasylvius 
caused no bioelectrical reaction at point Eg (19 ism* fr<mi the place 
of stlmulatlcKi), an energetic two-phase potential (osc. B) hav1,ng 
been provoked at point \ (4 mnu from the place of stimulation). In 
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the aftereffect the activity gradmlly took hold of this remote 
point (osc, B and 

(legend to Fig. textpag© 795 Spread of activity throng 
the cerebral cortex frcwa the point stiiaulated. Gat Ho. 21^ May IG, 
1950 , fh© stliBulating pair of electrodes and 2 discharge electrodes 
were placed oh the surface of the gyrus suprasylvlus. IJhe first 
discharge electrode ( 1 : 3 ^) was at a distance of mu and the second 
(Sg) was at a distance of 10 jam, from the stimulating electrodes. 

Sie biopotentials discharged simultaneously frcmi point (upper 
curves) and point Eg (lower curves). A - "spontaneous activity". 

B - effect of one shock of stimulation; intensity of it 30 v.; 
length of stimulating stimulus 0,5 millisecond, G - continuation of 
B recording.) 

It is possible to think that at the point of the cortex 
stimulated the cortical neurons excited by the stimulation rhythmically 
continvted to be excited and evidently the nui^er of neurons excited 
gradually increased on the strength of sunnaation. 

At stimulation of the cortical surface at a rhythm of 10 per 
second a bioelectrical reaction at a remote point can set in after 
prolonged stiiaulation and then when the stimulation Is not stopped it 
can ccaitinue to be intensified (Fig. 36 , A and B), Certainly the 
spreading of the activity occurs In these conditions because of 
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excltatloa of m entirely greater number of cortical association 
neurons* It is characteristic that when in the experiment being 
considered powerful negative potentials began to be registered from 
a remote point, then the effect at the nearest point became more 
complex tool additional ne^tive fluctuations appeared (osc, B), 
(legend to Fig. 36, textpag© 80 i Spread of activity through 
the cerebral cortex from the point stimulated* Cat ITo, 29 (i, e. 
the same preparation as for Fig. 3!^). to electrodes were placed 
on the gyrus suprasylvlus, but they were all shifted frontward* 

P-l^« if ajBu; lif mm* to potentials were discharged from 
point (upper curves) and point (lower curves)* A - intensity 
of stimulation 30 v*, frequency 10 per second, B - after 10 seconds 
of stimulation* C - frequency of stimulation was changed from 10 
to 50 per second. ) 

At increase of frequency of stimulation up to 50 per second 
(osc, C) the transmission of excitation shifted to remote point I , 
aiBi at the proximal point the potentials right after the first 
shocks of frequent stimulation changed their sign, which assun^s 
intense excitation of the elements of the deep layers of the cortex, 

Attentlqai is attracted to to fact that when, as a result of 
prolon^d stimulation; at a remote point of to cortex slow negative 
biopotentials arise, ton there is no appreciable difference in to 
lateat periods of to arising of slow potentials at the proximal 
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(if m,) mi remote (ik mm.) points. Illius, the spread of excitation 
can proceed at a very great rate. 

Evidently at prolonged stimulation ceitain cortical neurons are 
excited, the axons of ’idiich proceed for greater distances and end 
mainly in the dendritic surface layers of the cortex. l!he excitability 
of these neurons rises in such measure that, in sresponse to stimulation, 
they are iimasdiately excited and, if it is assumed the axons of these 
neurons conduct the excitation at a higher rate, then it Is possible 
to explain the absence of appreciable differences in the latent periods 
of the arising of bioelectrical effects at points and Eg, 

The bioelectrical potentials at stimulation of the gyrus 
suprasylvlus are registered, as already said, in the gyrus sigmoideus. 
Figs. 33 and 37, A (upper curves) illustrate this. However, at 
stimulation of the gyrus suprasylvlus considerable biopotentials can 
be registered also from the gyrus ectosylvlus (Fig, 37, A, lower 
curves). According to the morphological data of Bekhterev, this 
spread of excitation frcna the gyrus suprasylvlus to the gyrus 
■ ectosylvlus must proceed through the fibers in the upper part of 
layer 1, '^ch serially connect the gyrl lying parallel In a line. 

A peculiar reaction is observed at th^osterior pole of the 
gyrus suprasylvlus at stimulaticaa of the middle or anterior parts 
of this garruS! from the surface of the posterior part of ldits gyrus 
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positive fluot\»tioiis of a bloalectrloal potential are discharged 
(Mg. 32, E; see also Mg. 38, C). Eridently, as a result of the 
Bttoulation, excitation occurs of the fibers that temlnate in the 
posterior pert of the gyrus aainly in the deep layers of the cortex. 

(legend to Mg. 37, textpage 8li Spread of activity through 
the cerebral cortex from the point stimulated. Cat Ho. 27, June 
7, 1950. A - Stimulating electrodes are placed in the anterior part 
of the gyr. suprasylvlusi the potentials are discharged from the 
gyr. sigmoideus post, (upper curve) aid from the gyr. ectosylvlus 
(lower curve). Ihe intensity of the stimulation was 30 v., the 
frequency 10 per second. - course 1 second after A. B - stimulating 
electrodes on the gyrus suprasylvlusj potentials are dischar^d from 
the same gyrus at a distance of mm. from the point stimulated (upper 
curve)' and from the point of the gyrus suprasylvlus of the opposite 
hemisphere symmetrical to that \*ich was stimulated (lower carve). 
Intensity of stimulation 30 v. , frequency 10 per second. ) 

As Danllevshll ascertained, stimulation of any point of one 
hemis^ere leads to the arising of a biopotential at a symmetrical 
point of the opposite hemi^here. According to Chang's data (1953), 
the part of the cortex activated in the opposite hemisphere is no 
more than 4 mm®, in area. In Mg. 37, B (lover curves) are shown 
the effects in 1*e opposite hemisphere at a point symBetrloal to 
that stimulated. These characteristic "callosal effects" (Curtis, 
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19^0) are two-phase potentials siMkr to those that arise at peripheral 
stinmlations, i,e. after the positive phase a negative follows. Fig. 

38 shows that the negative phase cannot arise, and in such cases the 
"collosal effect" is e:^essed only by a positive fluctuation. 

(legend to Fig. 38, textpag® SSs Activity spread, iVom point 
stimulated, through the cerebral cortex. Cat Mo, 20 , April 28,1950, 

In ail the experiments one and the same point of the anterior pole 
of the gyr, supraeylvius is stimulatedj the intensity of the stimulation 
is 25 V,; the duration of the irritating stimulus is O.5 millisecond, 

!rhe first discharge electrode is placed on the gyr, suprasylvius 
at a distance of 7 hmu from the stimulating electrodes (P); in all 
oscillograms the lower curve consists of potentials from Hie 
second discharge electrode is placed on different parts of the cortex? 

A - on the gyr, ectosylvlus, its anterior pole; B - on the gyr, 
ectosylvius, its posterior pole; G^- on th^osterior pole of the gyr. 
suprasylvius; B - on the gyr. suprasylvius of the opposite hemisphere 
at a place syBaaetrlcal to the place of stimulation; F - on tlje posterior 
pole of the gyr. suprasylvius of the opposite side; F ^ on the posterior 
pole of the gyr. ectosylvlus of the opposite sldsi ) 

At s’elatlvely light narcosis considerable positive potentials 
arise in response to stimulation of the cortex ai^ in asymmetrical 
parts of the eorrespoading gyrus of the opposite hemisphere and even 
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in noneorresppnaing gyri. For instaaoe, la esperlnantfl the recordings 
Of which are presented in Jig. 381 ® F, at stimulation of the 

nnterlor pole of the gyrus BuprasylTius the bioelectrical potential 
ms registered from the posterior pole of the opposite gyrus suprasylvius 
from, the posterior pole of the opposite gyrus ectosylrlus. Finally, 
these effects arose also through the callosal fibers that giarantee 
the comectioa of the two. hemispheres, but the manner of this connection 
ms not so simple as ms depicted by Chang! 1Ms is not a connection 
of one with Ihe other of only precisely symmetrical parts. Kvidently 
Chjal's idea ms correct (cited by Bekhterev, 1898), that the fibers 
of the corpus eallosiBi through the collaterals going out from them 
link together, besides the symmetrical parts of the hemispheres, the 
mny other cellular elements also that are situated in the most diverse 
cortical layers and areas* 

(Legend to Fig* textpage 83? Activity spread tbrou# the 
cerebral cortex f r<^ the point sttawlated, A and - cat Ho. 21, 

Bfety 10, 1950* Btliaulating electrodes eajd two discharge electrodes are 
placed on the surface of the gyrus suprasylvlusj the first discharge 
electrode {\) Is k kib* distant, and the second (Fg) is SO msu distant 
fro® the stiiBulating electrodes* Biopotentials are diecMrged 
simultaneously from point (upper curves) and from point Eg (lower 
curves). Ihe intensity of stimulation is 30 v,, the fre^tenoy 10 per 
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second, A - begiEmlng of stimulationj - sevei^X seconds after 
stimulation. B and - cat Wo. 22, May 12, 1950. Location of 
electrodes is shown in the scheme. B - heginning of stimulation 
(25 V, 10 per second); « several seconds after stiswlatlon. ) 

Hecordings A and in Fig. 39 show constant InvolveB^nt 
in the reaction of a point of the cortex located 20 mm. distant 
fvm the point irritated. The irritating electrodes were set up 
on the anterior pole of the gyrus suprasylvlus and the discharge 
electrodes at a distance of 4 and 20 amu from them. The first 3 
shocks of stimulation caused hioelectrlcal reaction only at the 
nearest point of the cortex (osc. A); then each shock of stimulation 
be^n to provoke slow negative potentials both at the nearest point 
and at remote points (osc, A^^), Attention is attracted to the fact 
that potentials at a remote point have been altered in re^rd to 
amplitude, form, and the latent period of their , setting in, 
thidoubtedly in this case ■the activity spread occurred because of 
excitation of the association neurons, 

Hecordings B and of Fig. 39 fire cou^lex for analysis, 
Stimulation of the gyrus suprasylvlus at a rhythm of 10 per second 
did not provoke for a long time bloelectriCal reactionB in the 
analogous convolution of the opposite hemisphere (osc* B, lower 
curro), but ttm evBr-lntenslfjrlag ae^ptiv® poteatialj arose there, 
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th© aaij^lltyd© and duration of which wen exceeded the amplitude and 


length of potentials discharged from the cortex In the sphere of 


stinmlatioa (osc, %); the ihytha of th® potentials in the opposite 


hemisphere corresponded to the rhythm of stimulation, hut they arose 


with a very different latent period and were very altered in form, 


amplitude, and length. It is possible to think that the hioelectrical 


reaction described was governed by the activity of the intermediate 


cortical neurons of the opposite hemisphere that were gradually 


implicated in the reaction under th© effect of impulses from the 


callosal fibws, (footnote! It has been ascertained that strychnine 


has almost no Influence on the characteriStlo ^callosal effect”, l,e. 


on the complex of initial positive and, following after it, neptive 


potential. Under the action of strychnine an energetic neptlve 


potential arises after the effect described (Chang, 1953) i i.e* 


under the action of strychnii:^ the supplementary, often invisible, 


fluctuations that set In after the characteristic callosal effect 


are extremely intensified. Evidently at prolonged stimulation of 


the opposite hemlsjdiere elevation occurs of the excitability in these 


neurons (which are sensitive to strychnine), and they are excited, 


stipulating the arising of powerful negative slow potentials. Evidently 


fr(»& Bicment to moment their degree of excitability Is changed, idiich 


stipulates the alterabllity of the bioelectrical reactions#) 
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Just a single electrical stimulation of any point of the 
surface of the cortex can cause an aasverlng hioelectrical reaction at 
actually any other point of the cortex* Moreow, in the corresponding 
hemisphere there arise mainly negative hiopoteatials, which indicates 
the activation or chief acti'vation of the neuronic elements in layer I 
and II, 

In the opposite hemisphere by means of the callosal fibers 
there occurs, first of all, activation of the elements of layer III 
(chief place of the endings of the callosal fibers), which is 
expressed in the arising of a short-term positive potential* However, 
then, when the functional state of the cortex is good a negative po- 
tential arises, i*e. activation occurs of the elements of the surface 
layers* 

tos. Just one shock of stimulation applied to the surface of 
the cortex provokes activation of a great number of neuronic elements 
of the corbex. 

Excitation spread from the point stimulated occurs first by 
a system of directly stimulated fibers of layer I, secondly by a 
system of callosal fibers excited by the stimulation, and thirdly by 
means of the intermediate and association neurcms of the cortex* In 
the last case the reaction in the remote parts sets in often only 
after prolcaaged stimulation by a constant Involvaaent in the reaction 
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(on the basis of constant elevation of the excitebiUty) of the 
latenaedlate aenrons under the action of ta^nlses frm the fibers 
stiimiuted in layer J (or under the effect of the stimulating 
current at the place of stimulation)* When the bioelectrical 
reaction at a remote point is stipulatea by the activity of the 
intermediate neurons, then the aa^plitude of the biopotentials 
arising there may be greater than the amplitude of the potentials 
arising in iamiedlate proximity to the part stiiaulated. 

The electrographic data presented illustrate the knovn 
position of irradiation of excitation through the cerebral cortex* 

In the case in question a particular case of the lr 3 fadiation 
of the excitation provoked by direct stimulation of the surface of 
the cortex was analyzed. However, certainly the data obtained 
offer interest in general for understanding the sdienoaenon of 
irradiation that lies at iaie base of the most in^rtant meclmnisms 
of the activity of the cortex. 

On the other hand, it has been shown that the irradiation of 
the excitation provoked by stimulation of layer 1 of the cortex leads 
to the arising of chiefly negative potentials in the vast cortical 
territories, l.e* to activation ©f the surface layers of the cortex; 
in other words, at excitation of a certain number of fibers in layer 
1 the top dendrites of the pyramidal neurons in the vast territory of 
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the ceretral cortex can enter Into a state of regional excitation. 
Since the fibers of layer I are aalnly axons of the neurons with 
ason rising froa all layers of the cortex and recurrent collaterals 
of the pyraoidal neurons frc» all layers of the cortex, then a 
priori it is possible to conclude that at exoltetion of a certain 
amfiser of these neurons an effect can set In slnllar to that *leh 
is obtained at direct electrical stlanlatlffli of their axons: the 
arising over tte range of alBost the whole cortex of a regional 
excitation of laie top dendrites of the pyraildal neurais of the 
cortex. Shat is the physiological aeaning of this phenomenon? 

If it is asBUBSd that the regional excitation of the daidrites 
stipulates the Inhibition of the oorrespoidlng neurons, then the 
jiienoaMon considered acquires special interest. 

In Berltov's opinion the main function of layer 1 erafflists 
of the a*lBg of a general inhibition of the entire eortex. layer 
I mites the whole cortex in regard to inhlhitlon (Earltor, 1953). 

On the other hand, as we saw, excitation of the fibers of layer 1 
can proooke actlratlon and excitation of the elements of the deep 

layers and stipulate motor reaction, BrtdMitly the axcltatlon of 

the system of fibers of layer I, prowhklHg the tamdatlon oppression 
of tbe excitability of the cortical elemants, can adapt to the 
excitation and fortify It in otrtaln complexes of the cortex found 
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in a state of elected excitability. In Ctopter HI we encounter 
facts teat speak in favor of tlilB last hypothesis, 

5. Suppleaent! Concerning the Phenofflenon of the Slowly 
Spreading Bepression of Cortical Electrical Activity 
Since daring ej^erloents with direct Btinolatlon of the cortical 
surface it is Imposslhle not to pay attention to the phenonenon of 
the slow-spreading depression of electrical activity discovered by 
Leao (191(4), it will be of value to give la the form of a supplenent 
to this chapter a survey of the facts published and of the hypotheses 
expjfessed regarding this i^nomsnon* 

^ phencnnenon of the slow-spreading depression, If stiiaulating 
electrodes are placed on the surface of the cerebral cortex of rabbit 
and the discharge electrodes at a distance of 1-2 saa. froia them, then 
after seTeral seconds of tetanization by a relatively weak induction 
current at once, or after 19-20 seconds, a progressive attentuatlon 
of the "spontaneous” electrical activity sets in. In tl^ last case 
from the moment of cessation of stimulation to the beginning of the 
development of depression the "spontaneous” electrical activity has 
a normal character. At the time of a state of depression the electrical 
activity in some cases simply attenuates sharplyj in other cases it 
not only attenuates but also changes Its character in the sense of 
reduction of the frequency of the bioelectrical fluctuations. Ftally, 











Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6 


- 159 - 


on the of depreeslcaa of the electrical activity 

fluctuatlonB my arise of a spasaodic character. Bestoration of the 
norml picture of electrical activity occurs after approximately 10 
mlmttee (Iieaoi 1944). 

Bepressioii of the hioelectrical activity gradually spreads in 
all direetioss from the part stimulated aad takes hold of the whole 
exposed hemisphere (its dorsal, lateral, and medial surface). It 
does not embrace merely field 29 d (fig. 40), 

(Legend to fig. 40, textpage 87i i^eBomecion of slow-spreading 
depression. Spread of fitimulating and discharging electrodoB is 
indicated in the scheme. Bahbit, A - prior to stimulation. L - 
7 minutes after X. la each recording is Indicated time from moment 
of ceBsatlon of stimulation* Stimulation was made by induction 
tetanlzation with a current applied through electrode S for a period 
of 5 seconds (Leao, 1944),) 

Bate of spread of depression equals 1*6 mm* per minute. About 
5 mihutes are required for the depression to spread from the frontal 
to the occipital lobe, (footnote! spasmodic electrical activity 
idiich sometimes arises in the regions seized by depression spreads 
throu^ the cortex at the earns rate as the latter. ) At each point it 
develops with a more gradual character: 20-60 seconds are required 
for a nBXimBl depression of the electrical activity to develop. In 
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the part BtlsBilated the electrical actirlty caa return to the aonoal 
and ^ aepresslon continues to spread throusdi the cortest. ihe 
second we of depression can he provcted Croa the point stlnulated 
laere the electrical activity in it has been reduced to a considerable 
degree. A most stable depression Is provoked at stimulation of the 
frontal sphere of the cortex. At stimulation of the middle parts of 
the cortex it spreads In both directions from the site of stimulation 
and reaches frontal and occipital lobes simultaneously. At simultaneous 
stimulation of the frontal and occipital lobe the waves of depression 
proceed toward one another. At stimulation of the occipital lobe 
spread of the depression often does not proceed through the cortex, 
althou#! depression that has arisen at stlmulatloo of the frontal 
lobe spreads to the occipital. 

When depression of the "spcmtaneous" electrical activity seizes 
a given sphere of the cortex, then there are oppressed or subside to 

nothing! Moeleotrioal potentials which are provoked In this ¥here 

at atifflulation of the nerves or of the receptors, hloeleotrioal 
potentials which are aroused in a given area at electrical stimulation 
of the opposite hemisphere, potentials Khich arise at direct electrical 
stimulation of the cortical surface In a given area, strychnlnized 
"apontaneous" spasmodic discharges which arise at local stiTchnine 
poisoning of 1*® cortex, and bloeleetrleal effects frraj the appUcation 

Of eseslm aad acetjrlehQlliie (^ao, I9W1.). 
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Jfethods and conditions for obtaining the pheaoBSBon Of alow- 

apreadlng depreBstoa. As has already been said, tbls phenoinenon 
is obtained at stimulation oi the cortex by an toiuctlon current, 
ffis stiMlation frequency should be abote 30 per second. Eie phgr.nn . n « n 
of depression can be obtained by using for stiBulatirai right-angled 
shocks 6-12 miUlseoGads in length. Iflnaily, this phenomenon can be 
obtained by applying to the cortex a constant current (0.14 mllllaaperes). 
Aceordlng to the data of Leao and Morison (I9b5), the rhMA> i» n " ii of 
the slw-spreadlng depression arises on condition the cathode is applied 
to the cortex. Hoserer, Bures found that this phenomenon arises both 
under the action of the cathode and under the action of the anode (Bures, 
195^1*). In experiments on isolated strip of cortex (Bums, 1954 ) Leao's 
phenoaenon arose both under the action of the cathode and under the 
action of the anode, although in the latter case a current of greater 
Intensity sas required. When in^hese experiments the anode sas on the 
cortex, then the phenomenon of the spreading depression arose under a 
considerably greater current energy than the phenomenon of the rhythmical 
excitation of the cortical neurona (see textpp. 56-57)j tdius, not In all 
cases is Xeao’s conclusion correct, that the threshold of provocation of 
depression is lower than the threshold of provocation of the aftereffect 
In the form of intensified electrical activity. 

Ihe phenomenon of depresslM is readily obtained as a result of 
mechanical stimulations of the surface of the cortex. One or several 


Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6 





Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6 


/ 



• 162 - 


contaets of a glass rod provoke it with a Latent period of 10-40 ■ 
seconds, and it then spreads through the cortex* !rhis phenoiaenon 
also arises as tlie resnlt of unintentional, chance stiffluLatioas of 
the cortex, connected with shift of the stimulating or discharging 
electrodes (Sloan and Jaeper, 1950)* terigo ( 1899 ) eiaphaslzed that 
the cerehrum of frog Is very sensitive to mechanical stimulations. 

In hie ejqperiiaents light pressure of a glass rod on the hrain was 
sufficient for energetic deflection of the galvanometer: this part 
hecame negative in regaid to the addacent ones. Sven application of 
the discharge electrode to the hrain provoked the appearance of a 
current. Below it will he seen that these observations of Verigo 
offer interest in connection with the <|uestion under consideration, 
Kaufman in curarlzed dogs observed that as a result of pressure on 
the cerebral cortex with a glass rod a given part became negative 
in regard, to the other parts of the cortex (Khuftnan, 1912). On the 
other hand, even prior to the experiments of Leao it was known 
that as a Insult of pressure rendered by application of an electrode 
to the surface of a motor area of the cortex, the excitability of the 
cortex is reduced, which is determined by the threshold of electrical 
stimulation for provocation of a motor reaction (Msrkosian, 19 ^ 1 ). 

Uhe phenomenon of the spreading depmsion can be caused by 
chemical stimulations of the surface of the brain, KCl and CaClg 
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were found very effective in this respect. By application of a 

solution of KCl this phsnoaenon can repeatedly he provoked many times, 

Fhysostigffilnei acetylcholine, strychnine, cocaine, iiistasdne, and 

adrenalin do not provoke the phenomenon of spreading depression at 

their local application to the cortex (l^eao, 19lii|-), Sloan and Jasper 
.it 

( 1950 ) were able to obtain ^Ith application of a concentrated solution 
of strychnin© to the cortex, 

fhe phenomenon of the sloW'^spreadlng depressiaa is obtained in 
rabbits with the greatest constancy, Leao readily obtained It in 
pigeons, and Bures obtained it in mice and rats. It is far more 
difficult to obtain it in cats and monkeys, !lhere is indication 
tMt it can also arise in cerebral cortex of man at the time of 
cerebral operations (McCulloch, 19^9)* 

The phenomenon of the slow-spreading depression is obtained in 
narcotized animls, the depth of the narcosis having no particular 
significance (MarshaU, 1950). It is obtained in li^tly curarized 
animls (Whieldon and Harreveld, 1950). It is obtained on non- 
narcotized animals rendered motionless by intersection of the spinal 
cord at the boundary with the medulla oblongata (Sloan and Jasper, 
1950 ), and finally in non-narcotlzed animals with the central nervous 
system Intact (Bures, 195^b). Oedevanl (1947> IS^9) cam to the 
conclusion that the phenomenon of the slow-^apreading depression of 
the cortical electrical activity occurs only during deep barbituric 



4 ^ 
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nancosla* IJhe data just cited on tb® possibility of obtaining tbe 
pbenoraenon considered in aon-narcotized snljuals place this conclusion 
in doubt. Moreover, it has been ascertained that a rat® of spread of 
depression equal to i-6 lanu per lainute is not markedly altered, 
depending on the depth of the narcosis, and it is the same in the 
ab^nce of narcosis {Sloan and desper, I 95 O) Bures, 195itb). On the 
other hand, for provocation of depression during narcosis the same 
intensity of constant current is required as in the absence of 
narcosis {Bures, 1954b). 

leeently it vas ascertained that under the effect of larger 
doses of pentobarbital the threshold of provocation of the slow- 
spreading depression phenomenon is somewhat increased and the rate 
of its spread is somewJmt reduced {Mhieldon and Harreveld, 1951). 
lowfever, even with such doses of the narcotic as that at whldi the 
"spontaneous" electrical activity of the cortex dwindles almost 
to nothing and at which not even a knee reflex is j^ovoked. It is 
possible to cause the phenomenon of the alow-spreading depression. 

It evidently ceases to arise during deep ether narcosis that brings 
breathing to a standstill (Harreveld and Stamm, 1953a). 

At the spreading of the depression strips of cortex 5-8 mm. 
in width that are seised by it, i.e. the preceding part, begins to 
return to normal idien the depression in the latter part reaches its 
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Tfitih tills ^ this phenoniefiioii is not obssrvsd 
or is expressed worse when the Interpolar distance of the discharge 
electi*odeB is greater (laore than 3*’^ niia*), sine© thereby one of the 
discharge electrodes can be in a region seised by a wave of depression 
and the second can be in a norml part of the cortex or in a part 
where the depression is already attenuating. »l!he phenomenon of 
depression of the "spontaneous" electrical activity cannot be recorded 
because of the layer of the conducting fluid which covers a relatively 
large area of the cortex. In this case the part under the discharge 
electrode can be found in a state of depression, but it will be masked 
by the bioelectrieal activity of the adjacent larts of the cortex 
connected with the electrode through the conducting fluid (lerreveld 
and Stamm, 19 ^ 1 ). 

A numher of other factors determining the readiness and the 
possibility is general of obtaining the phenomenon of the spreading 
depression will be considered below* 

Gonceming the spread of depression. Depression is not spread 
throu# a cocainized strip of cortex (l.eao, 19W1.), If surtee section 
of the cortex is effected, then the depression likewise is not spread 
through, this side of the section. Saermocoagulatlon of the cerebral 
membrane and of the two upper layers prevents the spread of the depression 
throu# the injured area. Thus, for spread of depression the surface 
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cortical structiireB ars nscessary. Erldeatly provocation of the 
phettcaaenon of the slov-spreadiug depression is connected with the 
activation of the surface 8t3:i3ctT3res, fhe results of the following 
experiBient are Indicative of this: the stizRUlating electrodes 
that diverge 0.5 mDU from one another along the verticals were 
sunk deep Into the cortex, and threshold intensity of current was 
sou^t for provocation of the Leao phenoracnoa. ®i© least intensity 
of current was needed ^en the upper electrode was on the surface of 
the cortex. When the electrodes were in the white B»tter, then a 
3"^ timss greater intensity of stimalation was required for this 
than at stimulation of the surface of the cortex (Leao and Morlson, 
1945 ), After separation (hy knife) of the upper layers of the cortex 
from the deep ones> the spread of depression did not cease, Eence, 
it is possible to conclude that the long, associative cortical 
pa13iways in the ^te matter under the cortex are not necessary for 
spread of the depression. Section of the thalamus-cortical connections, 
as well as infringement of all cortical connections with subcortical 
formations shows no effect on the spread of the depression, li»om 
the ’*uadercut'^ part of the cortex, at its stimulation, the depression 
spreads over the whole cortex (Sloan and Jasper, 1950). finally, the 
phenomraaon of the slow-spreading depression was observed at stimulation 
of "an isolated strip of cortex (Bums, 195^). 
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the depression of the electrical activity 

is a cortl<»l phenoBienon, 

The first hypothesis ^Ich can arise is the forHiation and 
spread of a depression connected vlth the activity of the cortical 
nem'ons# with their ejccitatlcm that spreads throng the usual well- 
known principle, l.e/ from one neuron throng the symptic endings 
of its axon to the following neuron, etc. Eowever, the following 
series of facts contradict this hypothesis, 

1) laie preceding parts of the chapter in question have been 
devoted to an analysis of the htopotentlals arising at stimulation 
of the surface of the cortex, to a clarification of the mechanism 
of their spread, and have concerned, as was indicated, hloelectrical 
phenomena linked with the activity of the neurons and of neuronic 
elements of the cortex. These hloelectrical phenomena were very altered, 
depending on the depth of the narcoais, and the con^ss and rate of 
spread of the hlopotehtlals in particular were changed. We see too 
that narcosis shows no appreciable effect on slow-spreading depression. 

2) Ihe extremely small rate of spread of depression, equaling on 
the average 3 ma, per minute* , can be explained from the point of view 
of facts known concerning the mechanism of transmission of excitation 
from neuron to neuron. (%«t la, 2000 times less than the rate of 
spread of the excitation through the fibers of layer 1 of the cortex.) 
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3) fhe process of the transBilssion of exoltation from neuron 
to neuron la very responsitr© to sneiaia; even “spontaneous” electrical 
activity of the cortical neurons disappears 10-12 seconds after 
cessation of circulation of blood in the brain, (footnote: According 
to the data of Ten-Cate and testen (195^), after 15-20 seconds.) 

If at the time of the slow- spreading depression anemia of the brain 
is caused by pressure applied to the carotid and vertebral arteries, 
then after return of the “spontaneous" electrical activity to nonaal 
It is shown that the depression continued to spread even at time of 
anenda. 

k) Sloan and Jasper found that if part of the cortex is isolated 
by deep circular section from the rest of the cortex, then the depression 
caused by stimulation of any area of the cortex spreads also to the 
isolated part. It ceases to spread in it if the edges of the section 
are drawn 1.5-2 mm. apart. Thus, for spread of depression throw# 
the cortex physical contact of its parts is sufficient. Thus, spread 
of depression of cortical activity throw# the cortex Is not connected 
with spread of excitation throu# the cortical neurons. Consequently, 
identification of the I.eao phenomenon and of the cortical inhibition 
procese (GMewnl, 1947, 1949 ) cannot recognized as correct. 

On the other hand, there Is a series of facts which indicates 
tMt the cortical neurons can participate in the arising of the Leao 
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1) As said aljove, the depression continues to spread throu# 
the cortex at the tiae of lO-^lS-second aneaia, hut at the tisie of 
anemia it is Imposslhle to provoke by sttoJlation of Idas cortex the 
phsnoiaenoa of the slc^-spreading depression. On this basis the 
jQfpothesis >as formed, t3mt depreBslon arises in consequence of 

the excitation of neurons around the stlBOilatlng electrodes j but Its 
further spread does not depend on the transmifisioi of excitation 
from neuron to neuron* It should be noted that not In one of the 
investigations of this, phenomenon has it been found that it occurs 
at the time of stimulation; la all the recordings at the tin® of 
stiamlation the tubes vere shut off and the electrical activity 
was recorded at cessation of stiiamlation. At the same tiiae clarification 
of this, whether excitation of the neuronic eleiaents of the cortex 
occurs and what elements are ij^licated in the reaction, is fully . 
possible, as we have seen, a thing that might have significance for 
understanding the phenomenon of the slow-spreading depression, 

2) In rabbits it is possible to provoke the phenomenon of the 
slow-spreading depression in the opposite hemisphere (leao, 19 ^^). 
lor this it is necessary to use a more intense stimulation than for 
provocation of it in the hemisphere stimulated. Thou^ the latent 
period of the setting in of the deparesslon in the opposite hemisphere 
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Is gmter than In the one stinwleted, still it is considerably less 
than tl® latent period of the setting in of it in the part of the 
heaisphere stiiaulat©d> found at the sane distance from the point 
stimulated as the part of the opposite hemisphere symmetrical to this 
points It is easier to proir<^te depression in the opposite hemisphere 
by stimulating those parts in lfhich there is the greatest m^T of 
anatomical connections with the opposite symmetrical part* Depression, 
if it arises in the opposite hemisphere, forms in a part synBoetrical 
with that stimulated! hence, it spreads to the entire opposite 
hemisphere. 

Gross depression Is t^e result of excitation of the fibers of 
the corpus callosum. After section of the corpus callosum stimulation 
ceases to provoke the phenomenon of depression in the opposite 
hemisphere. Gross depression is not a consequence of the process 
itself of depressicua in the part stimulated, Ihis conclusion issues, 
first of all, from the fact that at time of depression caused in one 
hemisphere and spreading slowly through it no appreciable changes 
GCGur of the electrical activity of the cortex of the opposite 
hemisphere (Bures, 1954a), !Che accuracy of this conclusion is 
demonstrated by the results of the following experiment i in the 
frcmtal lobe the cortex was removed and stimulating electrodes were 
placed in the white matter; as a result of stismlation, at a 






Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6 



. 171 . 

symaetrical point of tb© opposite hemisphere a depression arose and 
spread over the entire opposite hemisphere; on the side of stimulation 
the phencaasnon of the slow-spreading depression did not arise, 

3) As said, spread of depression in the hemisphere stimulated 
can occur without the particiption of the long association pathways. 
However, there are facts which indicate that in certain cases the 
phenomenon of the depression can develop with the participation of 
the long cortlco-cortlcal pathways - the depression ’‘skips” frcaa 
the stimulated part to a remote part, l.e. primarily it develops with 
a short latent period in a remote part and just from there is spread 
over the whole corteE (Marshall, 1950). 

fhe series of facts cited testifies in favor of the phenomenon 
of to slow-spreading depression being able to arise under to influence 
of excitation impulses that come to the cortex. Still this extremely 
Important tyestlon has hot untit now unuef^ae specisl study. Ho - 
attempt has been made to clarify whether to phenomenon of the slow- 
spreading depression arises at stimulaUon of the nerves and Teceptors, 
Le* under to influence of to afferent impulses that arrive at one 
or another cortical analyser. However, since tore are no indications 
of this estlmte, thou# tor© is a very great nutor of works on to 
study of to effect of peripheral stimulations on to electrical activity 
of the cortex, ton it is possible to think tot Leao^s phenomenon does 
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not arise at peripi3®ral stiiaulatioBs, Apparently it does not arise 
even during stimulation of the meslilike formation of the stem of the 
brain, as can be concluded from ejBMainatlon of the records of Arduini 
and Lairy-Bouaea (1952), 

At the very beginning it ms said that the cortical biopotentials 
that arise with various methods of cortical stimulation attenuate or 
dwindle to nothing, The attenmtion or disappeaiance of the effects of 
direct electrical stimulation of the cortical surface must indicate the 
depression of the top dendrites of the pyramidal neurons and/or of the 
fibers of layer I, Attenuation or disappearance of effects of electrical 
stimulation of the opposite hemisphere must indicate depression of the 
elements of layer III, because mainly tte callosal fibers terminate in 
this layer, ©le attenuation and disappearance of the bioelectrical 
effects from stimulation of the sensory nerves and receptors (Leao, 

19 ^,* Marshall, 1950) at the tim of the depression that takes hold 
of the area of the corresponding analysor in the coartex indicates 
depression of neuronic elements mainly of layer MM the odrtex> in 
which chiefly the afferent fibers terminate. As said, ’’spontaneous” 
electrical activity does not disappear but only attenuates somewhat 
after thermocoaplatlon of the upper layers. Hence, the fact that 
"spontaneous” electrical activity at the time of spreading depression 
sharply attenuates or dwindles to nothing testifies to a depression 
of. the elements of all layers of the cortex,' V and VI in this number. 
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Certain faets obtained by Sloan and Jasper (1950) indicate, 
as It 'were, that vhen a depression mve seizes hold of a laotor area 
of the cortex excitation of the Betz cells in the deep layers of the 
cortex is redneed. IPhe threshold of provocation of iBDveHiisnt by 
electrical stimulation of the motor area of the cortex ’was considerably 
heightened (from 7.2 to 9,2 v. ) when the depression wave seized this 
area, i.e. when the ’^spontaneous” electrical activity here abruptly 
weakened, ^n the depression wave reached the motor area of the 
cortex, from which persistent motor effects were provoked during 
stimulation at a rhythm of 1 per second, then these movements ceased 
being aroused; they began to be provoked again when the electrical 
activity returned to nonual. 

Finally, it is possible to use the results of but one experiment 
for proof that slow- spreading depression takes hold of the association 
neurons of the deep layers of the ^cortex. During stimulation of the 
cortex, for instance, in the anterior part of the hemisphere at a 
symmetrical point of the opposite hemisphere characteristic bioelectrical 
effects arise, stipulated by the impulses of excitation that proceed 
through the fibers of the corpus callosum, as already stated repeatedly, 
When the slow-spreading depressicm provoked by stimulation through a 
second pair of stimulating electrodes placed on the surface of the 
occipital region of the cortex reaches the region of the location of 
the first stimulating pair, then the stimulation at this time of a given 
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regloa stops provoklBg Moelsetrlcal effects in the opposite lieiiii8|*ere 
(Leao, 194M» Acoordlng to neurological data, the B»ln source of origin 

of the caUosal fibers in layer VI of the eortez! the callosal fibers 

are asoas of the cells chiefly of layer VI of the cortex (Chang, 1953). 
Conseauently, the slojf-spreadiag depression takes hold of these association 
33fi«3rOIlS too. 

ehanges in the nuelei of the thalaiaas at the Urn of the slow- 
spreading depression through the cortex. Investl^tion of the electrical 
activity of the thalaisus at the tlise of the slow-spreadlng depression 
in the cortex^ which was carried out by Winofcur and co-workers ( 195 ^) > 
gave no clear fhcts. It was noted that when in the cortex at the tiiae 
of ^ spreading depression Individml slow fluctuations of Hie biopotential 
arose they were registered also in the thalaaus. 

Ingyortant facts on this pestion were obtained by Sloan and dhsper 
( 1950 ) who found that at the tiiae of the depression that seizes a given 
cortical field Hie e of fictionally 

linked with this field attenmtes* It was deiaonstrated that depression 
of the eXectrical activity in the thalaialc nucleus is a seconaary 
phenomenon and the attenuation of the cortical activity in the corresponding 
field of the cortex is primary* 5he experiments on the 'tosis of which 
these conclu8i<MJS were made have CGnslsted of the followlag. During 
stlmnlatioa of the cortex depression took hold of the entire cortex. 
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When It apmd to the portto of the cortex anterior to -Mae eulc, 
oruoletua^ then depression of the electrical activity was registered 
also in the nwcl, ventr, ant, thal. After Isolation of a given 
cortical field from the rest of the cortex (circular section) the 
dep^ssion spread over the entire cortex, apart from the Isolated 
field. ?!he electrical activity in the thalmlc nucleus was no longer 
altered. 

Long nonfluotuating potentials at the time of the slow~spreading 
depression. ^Nhen a slow<»'Spreading depression provoiced in any 
reaches spheres of the cortex where the nonpolarizahle discharge 
electrode connected with the ^Ivanometer^ is estahllshed, then simul- 
taneously with depression of the "spontansous” electrical activity a 
long potential of several minutes’ duration is registered. (*In Leao's 
experiments a secoEKi electrode was located on hone; in the experimenl^ 
of Bures, <m the surface of the other hemisphere.) fhls potential has 
S ^sesj at first a negative potential arises (7-I5 mllUv, according 
to lea©, 19^7, and lures, 195^h| 3^ mllliv, according to Barreveld and 
Stamm, 1951), which lasts 0,7'*2 min,, 3?eaching a maxiimM after 0,5-1 
rain.j then this point of the cortex hecfxaes positive, the positive 
potential has less aim?lltude and lasts 2-5 min. (fig, 41, tcactpa^ 94 j 
long nonfluctuatlng potential registered at the tim© of a slow-spreading 
depression* The potential Is lecorded by a galvaacaieter from a point 
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of the cortex 4 mau dlstaat from the stimulating electarodes on 
the cortex. Horizontal line - period of stimulatlonj vertical line 
a 1 milliv. Bising of curve - negativity. !i!he dot indicates the 
beginning of depression of the electrical activity la the corticogram 
(which is not presented). Time marks lO-second intervals (Harreveld 
and Stam^ 

This potential spreads from the locality of stimulation to 
the whole side, arising in each given locale of the cortex side by 
side with alteration of the "spontaneous” electrical activity and 
excitability (leao, 1947). Thus, the latent period of the arising 
of a prolonged potential corresponds to the latent period of the 
arising of the depression of the "spontaneous” electrical activity. 
According to Harreveld and Stamm ^s data (1951), the potential 
arises 10-40 seconds earlier than the start of depression of the 
electrical activity. Ihrallel with the growth of the negative 
potential a progressive attenuation occurs of the "spontaneous" 
electrical, activity j the latter begins to be reduced at the end 
of the positive phase of the slow potential, 

long potential being considered does not arise simultaneously 
for the various levels of the cortex. Ms was established in ea^riraents 
with simultaneous discharge of potentials firom the surface of the cortex 
and frc»n the middle layers of the cortex, from the surface and from the 
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deep layers of the cortex {Imo, 1951) • It has beea stom that the 
uegative potential arises in the middle layers later than in the 
surface ones, in tiie deep ones later than in the middle ones, and In 
th© «hite natter it does not arise. ^ rate of spiaad of negativity 
from the cortical Surface into the depths is of the saaie order as the 
rate of its spread longitudinally through the cortex. 'Rius, from 
the paint of the cortex stlamlated the negative potential spreads, 
on the one hand, deep into the cortex and, on the other hand, along 
the cortex. In ea^di part i»her© a imve of depression occurs the 
negative potential arises at first in the surface layers of the 
cortex and spreads, on the one hand, deep into the cortex of the 
part in question and, on the other hand, to adjacent surface elements 
of the cortex (I*®ao, 1951). 

tos, the depression yjaich corresponds to the long nonfluctuatlaag 
potential spreads frcsm the surface, of the cortex to layer TI at the 
rate of 1-6 mm. per minute. Hence, it follows that reduction of the 
ex<^tahility of the cortical neurons of the different layers must 
occur at a different time. However, special experiments for clarification 
of this questism have not hem made. 

In the dj^ths of the cortex a positive ]^ase Indiimting that 
the surface parts of the neurons (top dendrites of the pyramid newons) 
are negattvs in respect to their deep parts (to the bodies and basal 
dendrites of the pyramidal neurons) precedes the arising of a long 
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potential. On tasle Xeao eoncludee that the negative 
potential travels frcaa surfaee of the cortex through the nerve 
eleffisnts perpenaiculsrly oriented to the surface, i.e. downwards 
thirough the top dendrites to the bodies of the pyramids. However, 
no experiments whatever have been carried out to clarify this 
question, 

The long nonfluctiating potential arises in the cortex as 
the ;^sult of prolonged cortical anemia caused by compressing the 
blood vessels. Anemia of the brain after 2*5*5 minutes leads to the 
development of steadfast ©lectrone^tivity of the cortex in regard 
to the indifferent electrode. The negative potential reaches some- 
what greater magnitudes than at the time of slow-spreading depression. 
The cortex remains negative in regard to the indifferent electrode 
so long as the vessels are conpressed; the negative potential 
disappears several minutes after restoration of blood circulation. 

The negativity of the cortex that arises as -the result of the com- 
pression of the blood vessels does not develop simultaneously in all 
parts of the cortex! usually one part of a hemisphere becomes 
negative and the|i, after 1-2 minutes, negativity of other parts of 
the cortex too develops (heao, 1947)* Kaufaan (1912) observed 
entirely similar phencmjena during asphyxiation provoked by cessation 
of artificial respiration. As the mult of asphyxiation the cortex 
becaine electronegative aj3d the difference of the potentials of the 
optical and motcsp areas of the cortex was inoreased* On the basis 
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of thsf iUystratlcms of it, it oan bo concluded that the optical 
area of the cortex became electronegative in regard to the motor. 
Kaufman apparently laade an entirely accurate coaeluslon, that the 
cells of the different areas of the cortex possees a different 
susceptibility to GOg; vhioh is the reason too f<n:‘ the phenonienon 
described above. Recently it was ascertali^d that at Inhalation 
of 3f> GO 2 by the animal “spontaneous” electrical activity of the 
optical area of the cortex ceases considerably earlier than the 
“spontaneous” electrical activity of the auditory and motor areas 
(Gellhorn, 1953)* Ividently this clrcuastaace too stipulates a 
diff^nt rate of develojpaent of the negativity of the wious 
parts of the cortex during anemia. Pavlov at analyzing the 
pathophysiological mechanism of catatonia came to the importainfc 
concluslcm tlmit the motor elements of the cortex “have nothing in 
commoa in a structural or chemical respect, or probably both In 
the one and in the others and therefore pertain in an identical 
^y to the source generating the symptoms of pain, thus differing 
from the other elements of the cortexj optical, auditory, etc. ” 
(Pavlov, 1919 ), Ifhere are data that testify to the selective 
effect of mescaline on the cells of the optic area. IMer the 
effect of mescaline sharp infringements occur of the conditioned- 
reflex activity, vhich are localized vlthin the limits of the optic 
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ia th® cutsaucous and a^ditoiy aiaalyaors 
are inaignificant (Alemndrovskli, Ba'bekll and Krtoliav, 1936), 

It Bliould 'be noted that, aoeordlng to Bekhterev (I 896 ), the different 
areas of the Gortex develop at far froa an identical tlM, 

to, the fhct that the different parts of the cortex develop 
at a different tlm Hie negative pot^tial during aneiaia receives a 
satisfactory eaplBnaticaa if it proceeds frc«a the position of the 
different properties of the neurons of the different areas of the 
cortex, from this point of vlev it is possible to explain too the 
developuent at a different tiise of the negativity of the different 
layers of a given portion of the cortex during anewia. I»eao found 
that at aneoia the surface layers of the cortex first 'becoise 
negative and the deep layers of the cortex develop the negative 
potential later. Moreover, approximately the same temporal relation- 
ships are observed as at the time of sloir-spreading depression (Leao, 

1951). 

toe are histological data Indicative that the elements of 
the surface layers of the cortex, the cells of which develop later 
than the cells of the deep layers (l^hterev, 1896 ) , and which in 
the opinicm of a number of neurologists are phylogenetlcsally most 
recent (Sarisisov, 1948, 1952i Sarkisov end Foliakov, 1949), possess 
grater sensitivity to different Influences than the elements of 





Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6 


-iSl- 

the aetp layers of the cortex, for instance^ dorliie the schizophrenic 
process pathoaorpholoiical changes are discovered minly in the elements 
of the surface layers of the cortex (^urahashviri; 1950) « 5!hus^ the 
fact that first during anemia the surface layers of the cortex develop 
electronegativity receives satisfactory explanation if it issues from 
the position that the greater the sensitivity the greater the susceptihllity 
to injury of the surface neuronic elements as co^red to the deep, i.e. 
if it issues from the fact that parahiosis of the surface elements 
develops earlier and more plckly. On the basis of the facts cited 
above it is possible to conclude that the top dendrites of the pyramid 
neurons are more sensitive to anemia than the body of these neurons. 

This conclusion agrees with certain data of histological Investii^tions 
indicative of the greater sensitivity of the dendrites to different 
influences, for example ^ it has been established that protophasmatic 
offshoots react first to the injurious effect of an electrical current | 
in the system of dendrites severe degenerative changes are discerned 
When , the cell bodies do not yet disclose noticeable pathomorphological 
changes (Zin^abashvlli and Cholohashvill, 1^). 

Compression of blood vessels for 1 minute causes complete 
cessation of the '’spemtaneous” electrical activity of the cortex^ 
but negativity of the cortex does not thereby develop, nevertheless, 
one-ntlnute anemia shows a mrhed effect on the potential of a given 
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part of the cortex if it i& provoked at a tiiBe when the pai*t of the 
cortex in pestion is seiised hy a wave of slow-spreading depressloni 
the anemia Intensifies the slow negative potential, and this change 
remains for several seconds after restoration of the blood circulation 
(leao, I 9 i^ 7 ). Thus, the cortical fields seized by slow-spreading 
depression show themselves with sensitivity to anemia boosted. 

According to I.eao, this fact IMlcates that at the time of slow- 
spreading depression in the cortex changes arise analogous to those 
which are provoked as a result of cessation of the circulation of the 
blood, (footnote: On the other hand, speaking in favor of this is 
the fact that prolonged compression of the blood vessels on the 
background of a slow potential caused by stimulation of the cortex 
cannot produce in a given sphere a new slow potential, i,e, the 
cortex in this respect is Just like a refractor (Harreveld and Stamm, 
1953^).) This conclusion has be© 3 i' logically substantiated, since 
at the time of slow- spreading depression the phenomena of infringe- 
ment of the circulation of the blood are observed, 

Pial circulation and the phenomenon of the slow-spreading 
depression. According to the data of Leao {l 9 i|Jfa) at the place of 
the stimulation of the cortex idiea depression of the ^’spontaneous” 
electrical activity develops dilation of the arteries and veins sets 
inj tiny blood vessels, hitherto invisible, becoas visible. This 
change of the pial vessels spreads slowly in every direction from 
the site of stimulation parallel with the %pread of the alow potential 
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and of depression of the ^spontaneous” electrical activity, la each 
part of the cortex imiml dilation of the blood vessels sets in 
0 , 5 - 1, 5 min, after it begins to be noted, i.e, approxlaately when 
the negative potential rea<^es a maxiawm. At the time of maximal 
dilation the diameter of the hlood vessels of the pia mater is 
increased 50*100?5. At this time the general blood pressure, measured 
at the carotid artery, is not changed, ’Bie Itxaen of the blood vessels 
returns to normal 1,5*3 alnutes after its maximal dilation (Leao, 

19 Mm). 

If at the time of the depression electrical activity of a 
convulsive character (see above) appears, then changes of the 
circulation at the time of this abnormal electrical activity is 
the same as at the time of pure depression, (Footnote; in connection 
with this It should be noted that in epileptic patients intensification 
was observed of the blood current in the cortical region seized by 
convulsive discharges (Penfield and coworkers, 1939) • 3?he convulsiv© 
activity observed sometimes during spreading depression is -similar to 
that which arises durii^ experimental epilepsy (Eosenblueth and Camoa, 
194s), On this basis, as well as on the basis of certain other facts, 
it is assumed that the phenomena of the spreading depression and of 
convulsive spreading activity are closely linked with one another (Leao, 
1944 ^).) 
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TbuB, as the refliilt of sewral seconSa of tetanic Btlnulation 
of the cwtltal stirfaee a TOSodilatloa wve arises iftilch In rabbit 
takes boM of the whole cortex for several minutes (with the exception 
of field S9 a). 

During a certain IntensificatiMi of stimulation, as already 
said, aepression develops too In the opposite hemlapherej furthermore, 
dilation of the blood vessels arises there, being at first in a part 
eymBtrlcal with the stimulated area, then all 3 reaction conponents, 
the depression of the "spontaneous" electrical activity, the slow 
ncfflfluctUBting potential, and the vaBodilatlon, spread over the 
entire opposite hemisphere with the rapidity well known to us. 

Leao's observations on changes of blood circulation In the 
plal vessels is extremely hard to haiwmlze witt the changes of 
hloelectrical potentials of liJe Cortex that are observed at this 
time. Shy should dilatioa of the blood vessels acotaspany depression 
of "spontaneous" electrical activity and the development of the 
electronegativity of a given part of the cortex when these bloeleetrical 
are characteristic to a state of anemia of the eortexJ 
With very recent investli^tlons (larreveld and Stamm, 1952) 
a series of facts not agreeing with l,eao's observatlraas were obtained. 
First, it was asoartained that at the time of slow-spreading depresslc® 
occurs of the volume of the cortex: the voluaeof a given part 
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of th© cortex begins to iessen Mija&n e prolonged nonfluctnating 
potential develops, accoa^aaylag tbs depression. Hence, the 
conclusion was mads that the slow- spreading de;p:^S8ion is attended 
by a mve of vasoconstriction^ Secondly, It was ascertained that 
at this tiBie a drop of oxygen pressure occurs in the cortex. Hence, 
hypothesis vas aade that spreading depression of cortical 
activity is an asphyxial pljcnoaieaon provoked by a mve of vasoconstriction, 
fhus, it is shown that the ^Ivanometric ©xperiajents of EiauitoB (19IS) 
with a study of the bloelectrical phenoaena in the cortex during asphyxia 
have a direct relationship to the phencaaenon beiiag considered, 

Earreveld and Staim did not observe dilatation of the plal blood 
vessels during spreading depression. According to their data, dilatation 
of these vessels sets in after the wave of vasoconstriction seizes a 
given part of the cortex, They think that this dilatation of the plal 
vessels sets in under the effect of netabolltes cuamlative in the cortex 
during the period of the vasoconstriction* 

Is the slow-spreading depression a nGorsol physiological 
phenoa^non or an abnorml reactim of the cortext This question arises 
in com^ction with the researches of Marshall and coworkers (Marstoll, 

19501 MarshaU, Hssig, and Pubnoff, 1951), according to which one of 

the laain eonditions fear the arising of the phenoaieBon of the slow- 
spreading depression is desiccation of the exposed cortex* 
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•Os arislBg of lieBO'e j^sowaon <aa be greiieatea by eoverlag 
bbe cortex vl«i a layer of aEtaeral oil. loi«ver, Leao's plencwenm 
oaa be obtained too la tide oaee, l.e. after the cortex le protected 
fm drying if dehydKitlon of the bwta Is caused by introduction of 
ia-3Q ml. of a 90!^ solutlta of gluooee into ito bloodj thereby 
reduction occurs of the yoluae of the bmla and disappearance of 
the cerebrospinal fluid under the arachnoid senbrane. 

The arising of the leao phenomsiioa is linhed with injury of 
the pla-arachaold systeii of the exposed cortex and with of 
tlM BOWBI physlco-ehemlcal processes in this system. lEhus, slew- 
spreading depression is oGasldered a reaction of injured cortex, a 
reaction not arising in norael cortex and having no relationship 
to its normal itoysiologlcal activity. 

The following series of facts, however j contradicts this 
conclusion. The ^nwaen® of the slow-spmdlng depression can 
be produced several minutes after removal of the dura mater, l.e. 
drying Of the cortex as the mult of its long contact with the 
surrounding air is not a requisite candlttsa for provocation of 
the ^noacnon of depression (Sloan and Jaspar, 1950),. Depression 
sprees throng Uie regiaiB of the cortex covered with intact 
membranes and cranium (larrewM and Stam, 1951), ehich has been 

daim^trated la the following wyi two small trepanation openings 


d»ss- 
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vere laade in the skull, one in the frontal, the other in the oeeipltal 
region, At sti^lation of on© of these regions, in the other after 
seireral jainutes a typical phenoaenon of dep3?e80lon of the ’"spbntaneone” 
electrical activity and a corresponding prolonged potential developed, 
nie rate of spread of depression in those conditions equaled 2-3 naa. 
per iflinute (Barreveld and Stajaa, 1951). . depression spreads 
through the unbared cortex, and the rate of its spread thereby Is 
that which is ordinary for this phenomenon, 

Harreveld sad Stamm think that the phenomenon of slow- spreading 
depression is easier to obsesrve in rabbits than in cats and monkeys 
in connection with this, that the cerebral cortex of cat ajad mcsjkey 
has deep sulci, the larger blood vessels are covered by the thick 
pia mater, and all these circumstances render registration of the 
phenomenon difficult* 

After the e^erla^nts of Bures (I95^b) mad© on non-mrcotized 
animals in which the cortical potentials were registered without 
penetration into the cavity of the skull, it is possible to consider 
established that the phenomenon of the slov^spreading aepression can 
arise in mvml cerebral cortex and that this is a physiological 
phen«Mi0non* 

It ffli^t be possible to assume that the depression of the 
^^SiKmtaneous” electrical activity registered at the time of the Iieao 
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as mil as of life© feioelacWcal mctlons of the cortex 
expressed fey direct stlmtalation or fey stimulation of tfee receptors, 
depends on a worseiiing of the disefearge conditions of the potentials 
f roa the surface of the cortex in connection irlth change of the felood 
voluBie of the vessels of the pia mater* Sowsver, in the first place, 
at siaultaiaeoUB discharge of feloelectrical potentials from the cortex 
and from the nucleus of the thalamus conneeted tlth this part of the 
cortex it is discovered, as already said, that at depression of the 
©leotrlcal activity in the cortex the electrical activity of the 
corresponding sufecortical nucleus attenuates. !iMs Indicates that 
the depression of electrical activity registered from the surface 
of the cortex reflects the true aspect of things. In the second 
place, ^n depression seizes tlis optical area of the cortex, then 
the feioelectrtcal reactions ("primary responses") of the optical cortex 
attenuate at stimulation of the optic nerve, feut the Initial g,uick 
potential expressing excitation of the endlnp of the afferent fibers 
in layer I? of the cortex does not thereby attenuate (Jfershall, 1950). 
fhis fact Indicates that attenuation of cortical bloelectrlcal potentials 
arising in response to peripheral stiraulatloas is not a consequence 
of the change of oondltlcms of discharge but relleatB an oppression, 
the de:^8Blon of the corresptnrdlng cortical neurons* 

Certain considerations regarding the origin of the phenomenon 
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of thi sXGW*S 3 ^eadiiig On tiae ’basts of tbe facts cited 

above it Is possible to thlnfe 1^t at tbs base of tba ^^norntm being 
comideyed lies a mscnlaa* reaction* Jvidently as a resnlt of 
different of stipailations applied to the pail surface constriction 
arises of the vessels of the pia mtter and of the ini^r vessels of the 
cortex, ^ich leads to t^aporary asphyxia of the neuronic eleaents of 
a given part of the cortex* fhe last circmastance stipulates, on the 
one hand, its electronegativity and, on the other hand, attenuation 
of ^‘spontaneous” electrical activity and attenuation of the bioelectrical 
potentials arising vith different wsthods of atiiauiation of the cortex. 
!I!he laechanism of the arisiiag of this vascular reaction and the isechaaism 
of its spread have not been clarified at the present tte. 

According to data to be had (see Klosovskli, 1951) ^ arteries 
and veins of the pla sater, down to those snjallest in caliber, there 
is a great m^o&t of nerve fibers passing along the shaft of the 
vessel and encircling it in the f om of a spiral* Usually these 
fibers proceed in the form of tufts consisting in part of medullated, 
in part of uniaedulljated fibersv Some of these fibers are, as tou^t, 
vascuiomotor, since their endings branch out among the sim) 0 th muscle 
fibers of the vessels. Other fibers must be sensory, connected with 
the receptor end apparatuses iMch are found in the adventitia of 
the vessels of the pia mater. nerve plexus proper of Ihe pia 

mater is formed by nuBaerous uroaedullated nerve fibers*: 
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'Sbs asrw titiaes of the wseels of the teain are a eontinuatloB 
of the Barro jilesus of the pla aater ana eat« lato the hraln together 
with the vBBsels. ae diaiwter of the latwcerehral vascular nerve 
fibers is very smU (0.5-1 nicm, "wdaos 2.5 microns). !aey are 
aevoia of a fflyelin nsBftarane. Ihey may he a ooatisuatioa not only of 
the unmedullatea fibers of the plexus of the pte mater hut also a 
continuation of the thick meduUated fibers that lose their n^felin 
at entering into the train matter and that break up into delicate 
fibers, 

m® nerve fibers of vessels of the brain and of the pte 
mter are of syn^athetlo and parasympathetic origin. In Klosovskll's 
opinion (1952) the sympathetic pOTtl® of the nervous system can 
participate In redlstributl® of the blood in the brain, cwastricting 
and even closing tiw cerebwl capiUaries between the separate 
arterial traiiciiea. 

eertalnly at elaatricaX, iaBc3:a«aical| or afeeiaical stiu^latton 
of tfe© pial sijrf^ce of the eerehral cortex not only the nenmlc 
eleiaeats of I of the cortex hut also aferve plexi of syi^thetie 
and paraeyinpathetlc origin located in the pta wter and along the 
coarse of its wmlB i^oald he atlumlated prlwilyt is posslhle 
to assaa» that the phenomnon of the slo»r-spreading depresslcm, 
discovered hy I«ao, is stlpalsted hy etiiaalatlm of the ner^ plexi 
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of til© pifi laater and thus to dXpXaizi tfe© arising of vaacuXar reaction 
in regioa of stimlatioa of tfeo corta^# bnt, all tHe sa^^ tU 
Bjeciiaaisift of the spread of this phesnsasnon throagh the cortex rea»iM 
ohscare. Does the formtion of soiae awtaholltes which, in their tmn, 
cause vascular reaction of the horizontal part of the cortex lying 
in 11)06 perhaps govern a derangesoient of ihe circulation of blood in 
a given part of the cortex and reduction of oxygen pressure? Does 
excretion of soioe chemical suhstanees in the surface layers of the 
cortex which, acting in a stimulating way <m the nerve plexl of the 
pin mater, cause vascular reaction perhaps also occur during excitation 
of the cortical neurons under the effect of iiapulses of excitatic® 

(for instance, from the callosal fibers)? (^As Kirzoa (193^) 
established for excitation of the syagjethetic system, stimulation 
of it by right-angled impulses at a frequency of up to TO per second 
is most effective. It is characteristic that the phenomenon of the - 
slbw^spreading depression Is provoked more easily If the cortex is 
stimulated by ri#t-angled lii^ulses of greater length, for Instance, 
in many of Sloan and jasper’s ejq^rUttsnts (1950) the phenomenon of 
the slow-spreadiiag depression arose after S seconds of stimulation 
by right-angled impulses 12.8 milliseconds la length (8 volts, 
per second). In Harreveld and Stamm’s experiments (I9531j) during 
cortical asphyxia its faradic stimulation provoked no slow potential 





Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6 



- 192 - 

(conijpomt of Leao*s ^hemmxm), but this poteotial could be provoised 
at stimulation of the cortex by right-angled impulses, ) It has been 
established that at tetanic stiaojlation of the nerve fiber excretion 
of some substance from it out throu^dl the Schmidt-LanteniBnfl*s incisures 
occurs, this process having a greater latent period (iCuparadsie, 1953, 
19^). As m sav, the fibers of layer I have as the main source of 
their origin the ascending axons and collaterals of the neurons of 
all subjacent layers of cortex, and the natisral excitation of the 
fibers of layer I assumss a preliminary excitation of the neuroi^ 
of the other layers of the cortex. It is possible to assuaie that 
during long, intensive excitaticai of the cortical neurons elimination 
occurs of a considerable amount of physiologically active substances 
from the excited fibers of layer I into the tissue fluid, excitation 
of the nerve plexi of the pia mater, vascular reaction, and, stipulated 
by it, the phenomenon of the slow-spreading depression. Finally, very 
little of the hypothesis just expressed has factual basis* For 
instance, Leao’s researches ( 1944 ) and recently those of Harreveld 
and Stamm (1953c) have revealed that neither yohimbine and ©rgotamlne 
nor atropine shot an effect on the phenomen^m of spreading depression, 
lence, it vas concluded lhat tbs wave of vasoconstriction that lies, 
as needs to be thought, at the base of this phenomenon is not stipulated 
by adrenalin-similar or acetylcholine-similar substances, A circumstance 
that BBltes the question even more Involved is that during certain 
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cOBaitl<»i8, as already aaid, aepreseion of electrical aotivlty 
can slw place to convulsive electrical activity, the latent period 
of the arlBlag of ^leh and the rate of spread through cortex 
are the aanej noreover, the slow electrical potential also arises. 

Ihe passing over of aepresslon of electrical activity into convulsive 
electrical activity is observed at repeated stimulations of the cortex 
that cause at first the phenomenon of depression during considerable 
rise of the general blood pressure, during local poiswdng with a 
5-10^ solution of acetylcholine and, finally, during the effect of 
COa (inhalation of air containing 7 - 155 ^ COg). ihey think ttet the 
arising of convulsive electrical activity in all tiiese cases is 
connected with attenuation of vasoconstriction. For instance, it 
Is known that COg shows a powerful vasodilatation effect on the blood 
■vessels of the toiiiia 

solviog of the question of the oatoe of the phenooienon heing 
conisidered is aot facilitated hy dmwing on a series of vell-kaown data 
on alteration of the circulation of the brain and of its electrical 
activity during a series of physiological and pathologioal c<aaditi<ms, 
lor instance, during natural sleep the blood vessels of the brain are 
constricted* On the contra 3 ry, at tiiae of stinwlation of the sense 
organs dilatation of the blood vessels oocurs in certain regions of 
the cortex* at tlaie of vestibular stlrawiation - in the ffiotor area 
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of tte oortesj at tit* of iHunimtloo of the eye - in the ojjtical 
region of the eortexj at this ti» in other regions of the cortex a 
cenaln constrlotion of the Uood easels is obserwd (Klosovskil. 

1951, 1952 ). Oa *5“ other hand, with the vaaoconstrlctlon of the 
blood vessels Of the hrein is linked a tendency to increase of 
amplitude of the slow fluctuations and attenuation of the Wick ones, 
,1th vasodilatation, on the contrary, is linked a tendency to 
lasenslfioation of the quick fluctuations end attenuatiim of the 
slow (Barrow, 19*^)* 

finally, If Bykov's point of view Is considered (1952, 1955), 
then the vascular motion arising during excitation of the cortical 
aeurcns under tto influence of the eaUosal Inpulses can he treated 
aa an expression of this principle, that the nerve Inpulses hy causing 
a change of state of certain cortical neurons alaultaneouely cause 
change too in the apparatus of supplying the sane group of newons. 
According to the hypothesis which Bykov proposed, in the process of 
reflex activity nerve influences can arise on the trophlsa of tbs very 
nerve fonatlons tbenselves. The neohanism of this phenonenon is 
presented in the following way: the axons of a given group of cells 
not only fom synapses to other neinrons, but their raalflcstions can 
produce teminals to blood vessels in the nerve networks and possihly 
toe in the inteToeUular natter. Because of this, the nerve Iwulses 


L 
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tb&t arise U one gronp of nenm ceUs not only stimulate other neurons 
hut BiiaalteneouaXy Influence the entire trophism of these neurons, fhis 
hypothesis receives iBoii*phologlcal hasis^ since it is shotm that the 
endings of the fibers of the afferent and efferent systems of the 
cerebral cortex are distributed in the cerebral cortex not only to 
the neurons but also to their surrounding vessels (Polgo-feaburov, 1953)* 

!!!hus, the occurrence of the phenomenon of slow-spreading depression 
remains obscure. biological importance of this phenomenon is not 
hncfwn likewise, since the experiments were not made for the purpose 
of studying changes of behavior and of conditioned reflexes at the 
time of the idienomenon of the slow-spreading depression. 

Chapter III 

Oscilli^phic Investigation of foci of Heightened 

Ixcitabllity in the Cerebral Cortex 
We now run into cos^lex bloelectrlcal phenomena, where the 
effect of cortical stimulation is determined not only and not so much 
by the anatomy of the formations being stiiaulated and by the character 
of the stimulation, but mainly by those j^siological reactions which 
proceed in the cortex at the moment of stimulation} we run Into 
phenomena idiere a *’glven cortical ‘focus* loses the importance of an 
apparatus with any (m functional purpose" (iBditomshll, I 9 II)} 
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w vm into that evidently lie at the base of special 

cortical raechanisma and which have not been investigated electro- 
graphically up to now, 

Hiaaerous fhcts cited in Chapter II permit mhing the foUtwing 
conclusion. If during direct stimulation of the cortex we record 
from a given point of the cortex^ at first during certain conditions 
of stimulation, simple effects in the form of negative fluctuations 
of potential; and then (in virtue of the fact that the stimulation 
was intensified or it was quicheaed, or bccaua© of the fact that 
the narcosis had ahated; or because of local poisoning of tlie costex 
in the region of discharge or stimulation) the effects changed their 
chamoter, i.e. their sign was changed or additional fluctuations 
appeared, then this change of character of effects needs to be treated 
as an expression of the fact that certain new elements of the cortex 
have been drawn into the reaction. Ba other words, as a result of 
stinailation of the fibers of layer I of the cortex now not only the 
dendritic plexus of the surface layers mainly is excited but excitation 
occurs of certain complexes of neurons which were not excited in the 
beginning (l.e. during other ccaoditlons of the experiment). 

Ihiring deep narcosis the effects of the tetanic stimulation of 
the surface of the cortex at a rhythm of 25-lCX) per second quickly 
dwindle to nothing and the several-second duration of tetanisation 
does not lead to the arising of any electrical phencxaena in the cortex 
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Vhlch Bight te ohsemd by a totter of altemtiBg eorreat. 

Howoyer, for a oartaln aiatanoa arooud the otimulatirg eleotrodas 
degreaslon ia (^aerrad of the "apontaBsoua" electrical activity 
which haa been apbten of to detail to the freeedtog chapter (see 
figs. 19 - 21 ). 

to easily aaroottoed antoale the at first develop 

the Ba« as during teP ucrcoaias to the very first moments of 
tetanizatlcm the effects attenuate sharply and to the course of 
several seconds stlMuletlon rwaatos, as it were, ineffective. 

However, after 5-15 aecoads of sttoutotion a most intense rhythaleal 
electrical activity ariseCe 

(togend to Fig. 42, teartpage 104i Bhythaioal electrical 
aetlvlty artotog to a limited part of the cortex at tetanisation 
of the oartlcal surface. Gat Ho. 26, June 3, 1950* 2 hours after 
the expertWBbs the recoi^togs of which are presented in fig. 19, 

A and Bj surface nembutal sleep, fhe sttoaatotii* pair (P) Md 
the dtooharga electrode (E^) are placed on the surface of the gyrus 
smprasylvlusj diatance between them 6 m totwsity of atlaulation 
30 V. A - at first the effect of erne ^oeh of stlmnlatiaa, then 
et the »a»nt todtoated hy toe arrow stimulatioo to applied at a 
fre<iueney of 40 per seconfl. B - 8 seconds frem the start of stlfflutotion. 
C - 9 seconds from toe start. B - 10 sacowSs from toe start. H - 9®^ 
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of stiaujatl®. After toe at a distance of 10 nm. from tie stiBulatlng 
electrodes tiie seoiaa disoiarse electrode \ was set up. I - scheme of 
plaoemt of electrodes. 0 - -biopotentials are dlsohai^ed sluMltanBously 
from point I!j_ (upper ourw) sad froa point Bg (lower curve) j 15 seconds 
from the start of tetanic stiaalstlon at 40 per second, 30 v. (Boitbak, 

1953a).) 

Pig. h2 illue3i«tee this phenonenon. in this experiBBKt the 
stiumlatlng electrodes and discharge electrode were placed on the gyrus 
suprasylvius. The separate shocks of stimulation provoked a ne^tlve 
Blow potential With an aigilltude of approximately 0.3 allUv. At the 
K«ent indleated by the arrow, gO BmiseccaSs after appUoation of a 
.jngra shoi* Of atloUlation, the frettwncy of stimulation ms exchanged 
for ho per second (oso. A). After the initial effect, the mgati-ve 
potential, each shock of stlswlatlon began to produce a weak (50-60 
mleorov.) positive fluctuetlffls; after several seconaB of stimulation 

positive fluctuations almost dwtadlad to nothing. Then during 
prolonged tetanlssatlon there suddwnly arose slow negative fluctuations 
of relatively grmt amplitude (Q.h mllllv.) rhythmically followtog one 
another, *lch proceeded not according to the rhythm of stimulation but 
to a far more Infrequwtt rhythm; at first ih per sec<ffld, 
then 12 per seccwd, and after several more aeconds of stimulation 10 
per seoote. (osc. B-B), At oessatloa of etlmulatton idia rhytimilcal 
electelcal activity was hr«ton, l.e. the arising of it was causally 
coiuMcted witi» cerebral stimulatlffli. S» pamaaenaa described was 


I 


d*SE»- 
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reprodiac^a furtiier on tto laroparaticm in an®stlon scores of tifiies, 

© 138 ; it is possibles to say of tli^ two p^^es of totaaization 
of the cortsxs la tb« first quick abateaeat of effects and depression 
of the so-called "spontaneous’' electrical actiTlty m observed, in 
the second a laost energetic rhythmical electrical activity arises. 

Below are indicated the conditions for the arising of a given 
rhytbjolcal electrical activity and certain of its characteristics. 

1. 2he aniBsal should be either without narcosis or under very 
narcosis (active reflexes to tactile stimulations, liberating 

movements). 

2. fhe stimulating shock should be of a certain minliaal 
intensity^ during a lesser intensity of stimulation the rhythmical 
electrical activity does not arise although activation of the s\n?fac© 
layers of the cortex can occur. 

3. 3!he frequency of stimolatlon should be no lower than a 
certain limits on lii^tly narcotised animals no lower than 25 per 
secoad; b«t on non-narootized animals rhytiaslcal electrical, activity 
can arise mm a frequency of stimulation of 3 ^ second. 

4. l!he greater to intensity of stimulation and its frequency, 
the shorten the latent period of the arising of rhythmical electrical 
activity, whl<di can become equal to I sec. in all. 

5. luring uninterrupted stimulation the rhythmical activity 
gMwally abates and ceases at approximately 60 seconds after the 
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aoiMHt of Its arising. 

6. It is possible tn provoke rbytlaaioal electrloal activity 
In any part of the eortexj on the other hand, it can be prov<&ed at 
a given point of the cortes during stinulation of various poilitB of 
the cortex and not of any one certain point. 

7. For repeated obtaining of the phenonenon It is necessary to 
observe Intervals of 3 »tn. or “of® between the tetanic stianletlons. 

8. At interruption of stiswlation that has provoked rhythaical 
electrical activity an aftereffect is often ohaerved (fig. 4t)j the 
electrical effects In the aftereffect are of an entirely different 
character. Baring repeated tetanissatlons of the cortex with intervals 
of 34 alnutes the aftereffects becoae even nore and more prolonged. 

9. Bhythmical electrical activity, if it arises in the motor 
area of the cortex, can he attended by movements arising long before 
they set in. She arising of the focus of rhythmical activity in 
other regions of the cortex is usuaUy not attwaded by any motor or 
vegetsatlT'e reactions* 

10. A ^ttoiuenoa of a sioilar sort is not observe In 
ejgierimstttB on spinal cord either during protracted direct electrical 
stimilatloBS of the gray matter or durhag protracted stimalatlonB 

of the nerves (Berltov and Bbith^, 1950). 

After the experimMrt considered (fig. ose, A-B) on gyrus 


eves-. 
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the seeood discbarge vas placed XO vm, 

dlstaat from the sttaXatifl^ eleotrotlea; the diacharg© electrode 
was left at the first place (6 vm distant frm the stiuwlattiag 
electrodes). During tetanic atiaailation (40 per second) at first 
both fTovk%^ and Ig bioelectrical potentials were discharged (the 
effects froa Ig hawing been altered se^what by polarisation). 

After several seconds of tetanlzation the electrical effects both 
at f and Sg dwindled almost to noting, fhen during prolonged 
stimulation frcaa slow nsgatlwe fluctuations began to be discharged# 
rhythmically following one another# and the phenomenon already 
familiar to us arose j from ®g at this time no additional effects 
were dlacharged (osc. 0). !l!hus# the rhythmical electrical activity 
being considered arises in a limited focus of the cortex and cannot 
spread through the cortex even within the limits of one convolution, 
tsuaily rhythmical electrical activity is not registered at a distance 
greater than 10 mm, from the stimulating electrodes (on narcotized 
animals), 

Bhythmical electrical activity arising during prolonged 
tetasizatlon of the cortex can bear a most diverse character# but 
for a given preparatl^ with fixed position of t33e stimolating and discharging 
electrodes its charact^ remains constant and tens of time in succession 
it is |K)8sible to observe oue and the same sterotyplc reaction. 
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(Lege# to Fig, tejEtpoge 107? B^tbmical electrical 
activity arlsiBg at tetanlzaticm of the cortical atrrface. Cat Ho. 

’J, 1953. 15he stlwalatiisg electrodee a# the discharge 
electrode are placed oa the surface of the gyrus suprasylvius? 
distance hetueen them 6 ana* Intensity of stlriulation 30 v, A - 
in the heginniag frequency of stimulation about 5 per secoadj at 
the end of the oscillograta frequency of stimulation about 100 per 
second. laeh recording after recording A is an liiraiediate continuation 
of the preceding, 1 - end stimulation at 100 per second and 
change-over to a frequency of stimulation of 5 per second, ^ 
long fluotuatlon s at a rhytlm of about 30 per lalnute are evidently 
governed by a respiratory pulsatim of the brain, ) 

In fig, ^3, Hhere each recording is an immediate contlnmtion 
of the preceding^ the course of the development of rhythmical 
electrical activity is seen. 5330 separate shocks of stimulation 
provoked a negative potential lasting about 10 millisecond (i.e. 
an elea^ntary dendritic potential arose) , after iMch a long positive 
potential followed (osc. A). At switching to a stimulation frequency 
of 100 per second only the first 4-5 shocks provoked an effect 
(negative potential)! in the course of the following three seconds 
the stimulation remained apparently entirely Inactives only artefacts 
of stimulation were recorded (osc. B) , Heict rhythmical electrical 
activity arose in the form of negative fluctuations of pot«atlal. 
fhe amplitude of the iluctuations In the course of the neart 6 seconds 
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of tetaniaatloa oonslaatly iacreasodj the freq,aeacy of the ihythm 
gradmlly diilidehed in the oouree of stfnmlatloa fvm 30 to 20 per 
second {osc, 0-g), 

te phenoBienon considered arises aieo d^iriDg stimulation of 
the "idilte matter of the cortex^ i*e. during to action of the afferent 
impulses <m t3ae cortex Hevertoless, even during 

tetaaaieatlon of to cortical surface activation of Its neuronic 
elements proceeds hy to ^physiological route'* and in our experiment 
conditions hy iapulses of excitation of to fihers of to first layer 
of to cortex directly stimulated. 

A theoretical analysis permits concluding tot to rhythmical 
activity is linked irlth to activity of other neuronic elements than 
those idilch are la^pUcated during infrequent stimulations or at to 
heglnaing of tetanisatlon* Ihjring infrequent and veak stlmMlations 
exeitatioa in to System of fibers of layer 1^ evidently also at 
participation of to neurons of layers I and II, extensively over- 
flows through to cerebral cortex, everywhere stipulating 
arising of regional processes of excitation in to neuronic elements 
of to surface layers of to cortex. ^Is finds its electrical 
e 2 ;^sslon in to fact that during infrequent stimulations of any 
point of to cortex frcaa any other point of to surface of to 
hemisphere negative fluctuations of potential are usually discharged. 



■>«»* 
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Khythffiical electrical activity is etipiJlsted certainly by 
excltatioa of certain coasplexes of intracortical neurons, evidently 
not efferent biit neurons with short axons which are just as numerous 
in the cortex, !Chey must he those complexes of neurons on which 
impulses i‘rom the nerve elwnts first excited (hy direct stimulation 
of the cortical surface) act to a subthreshold extent, i)uring 
prolonged tetanization heightening of their excitability occurs and, 
when it reaches a certain critical magnitude, these neurons act that 
possess, as seen, an extraordinary capacity for suimaation. Besides 
an extraordinary capacity for summation, these cortical neurons, as 
it is possible to conclude on the basis of the data already stated, 
are very susceptible to the effect of narcotics and are characterized 
by q.uick fatlguabllity. 

By using Sisal and Cajal’s method for staining, we succeeded 
in catching the fine morphological, changes of the neuronic dements 
of the cortex in the region of the focus of rhythmical electrical 
activity that Is created by electrical stimulation of the cortical 
surface (Gholokashvill and Boitbak, 1955)* Changes are observed in 
the fibers of layer I (which are restalned and more intensively convoluted 
than in the normal) , in the top dendrites of ths pyramids (which are 
rough, i,e, the contour of diieh is less smooth than ordinary) and 
in the bodies of the neurons, mainly of cortical layers H and III 


«*>»l 
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(ijetimen tfee sancXeus aai tJae protoplasm of the cell a clear bomdary 


is vmx, the Kissl bodies protnjde wore®; more often tiny tacnoles 


are encountered), ^hese structural changes, not residual ioprints 


of the pathological, are evidently connected with the process of 


excitation of the corresponding elements, toe, the histological 


data obtained fully agree with the ideas developed on the mechaaiam 


of activation of the ctnrtex during stimulation of its surface. 


(legend to Fig, 44, textpage 109*. Ilectrical activity of the 


cortex at the time of its tetanic stimulation and in the aftereffect. 


Cat Ho, 38 , Jan* 9, 1951. 2 pairs of stimulating (F^ and Pjg) and 2 
disehar^ electrodes and 1^) are placed on the surface of the 


sijprasylviUB, w biopotentials are discharged from point Bn 


(upper curves) and from point Bp (lower curves). A - electrical 


activity 6 seconds after beginning of stimulation throufi^ electrode 


Fg With a frequen«jy of 50 per second, 85 v. (P^^) , B ^ aftereffect; 


section 1.5 seconds after cessation of P stlmulationj C - after 

50 


3 seconds, B - after 11 s©c<xjdsi i scheme of location of electrodes 


With indication of distance between them in msu in experiments A-D, 


F • scheme of location of electrodes in ejqperlments S and I# 0 


electrical activity 4 seccmds after the start of the coahiaatlon of 


stiffiaiatioas-ab the rate of 50 per second (P^^, 25 v.) and Pg at 
a rhythm of 50 per second 25 v,). H * the aftereffect subsequent 

j 8 ^ 

to cessation of P^^ t P stimulation (Hoi tbak, 1953a) .) 
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Iflay is ths rhythmical electrical activity limited to certain 
foci? Why does the excitation spread not occur over the vhole cerebral 
cortex? Svidemtly another process, limiting it, exists side by side 
vith the excitation. Ixperlments, the recordings of u^hich are. presented 
in Fig, W, give basis for such a conclusion. At time of tetanization 
of the cortex the rhytinoical electrical activity that has arisen in 
a certain part of the cortex does not spread to a region several 
laillimsters distant j however, at dessatloa of the tetanization in the 
aftereffect the activity spreads to this other region also. Thus, at 
time of tetanic stimulation that has provoked and maintained a focus 
of rhythmical activity a process occurred that limited the spread of 
this activity. Apparently this is a braking process, bkhtomskii 
( 1926 ) had already con® to the conclusion that ’’during electrical 
stimulation of the cortex it is fitting to think of an active localization 
of excitation,,, in counterbalance to the action of the branching currents. 
However, this active localization can be acconKplished only by a braking 
action. ” By the way, electrical effects during local strychnine poisoning 
of the cortex is limited strictly by the place of poisoning, and the 
process of inhibition was the reason indicated for this phenomenon 
(Beritov, 1948), Below facts m presented that indicate the inhibition 
not only limits -the focus of rhythmical activity but also gives it no 
opportunity to develop to its full stongth and weakens this activity 
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ia the very focus of its arising. 

fhe following eagaeriiBents were set up with a contoination of 
stMilatioas of two points of the cortex and with registration of 
the electrical potentials arising. 

f he results of one such experiment are presented in Fig. 45 
(textpage 110: Bioelectrical phenoiaem at the focus of heightened 
excitaMlity created in the cerehral cortex. Cat Ho. 24> May 20^ 

1950 , l!he first pair of stimulating electrodes (F^) is established 
at the posterior pole of the gyrus suprasylvius, the second (Pg) 
at the anterior polej the discharge electrode (B) is located in 

the middle of the convolution. A - stimulation through electrodes 

1 

f at a rhythm of 9 per sec. (F and addition of stimulation 
through electrodes F^ at a ri^ythm of 50 per sec, (F^ intensity 
of stimulation 30 v. B» - immediate continuation of A. C - 
continuation of a combination of stimulations 4* P 12 seconds 
after the moment of addition of F^^. B - cessation of P ®50 
stimulation daring uninterrupted atimulation by g. 1 - 3 seconds 
after cessation of combination of stimulations. F - after a further 
15 seconds. G - after a further 10 seconds; cessation of 
stimulation. H - scheme of location of electrodes (Boitbah, 1953®)* )• 
The following was the set-up of this experiment. The first pair of 
Btimulating electrodes (F^) was located at the rear pole of the gyrus 
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suprasylviuB, tbe second pair of stlaulatlng electrodes (Pg) ws 

estebUshed on tbs anterior pole of this convolution, around tbe 

sensory-iaotor region. The Wseharge electrode (K) vas located aidviay 

t)©tw©en the two Stimulating ^Irse 

Stimulation throng at a rhythm of 9 per sec. (P^ prowked 

at point S siB^ple effect: in response to each shock of stimulation 

a negative fluctuation arose of small amplitude, on the descending 

Unfb of which there was a weakly expressed additional fluctuation 

(Fig. osc. A), Ihue the stimulation hy itself caused activation 

of the dendritic plexus of the upper layers mainly under the effect 

of in^ulses from the stimulated fibers of layer I. Durii^ prolonged 

stimulation of the point at a rhythm of 9 per pecoad it was 

possible to observe progressive reduction of the aia^litude of the 

biopotentials, their character not having altered. 

After 20 shocks of P^q stimulation a 'betanlc stimulation was 
^ / 2 , 
added through the Pg electrodes at a rhythm of 50 per second AP 

In lie first nonents of tetanlMitton weh .bock of P ^ caused a 

Mgative fluctiatioiu On tbs background of this effect only weak 

( 0 ... 

A). Such a picture was observed in the course of several seconds of 

2 

tetahisatioa, at which time progressive abatement of the P ^ effects 
occurred (osc. B), 
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in the first esoonae of tetanlzatioa aroimd the point 

of the oortex heiag stiawlated ^iMtlon dewlops i?hich is expressed 

not only In depreasloa of tbe "epoatansonB” electrical activity, 

hut also in attenuation or felling out of the effects of stinaslstion 

2 

of other regions of the cortex. Several seconds after f ^ tetanization, 
the shocks of this etiaulation readjusted to provoke their own 
direct effects, energetic rhythmical activity arose (osc. C). lowever, 
the effect that arose differs fr<Ma those which we have considered up 
to nowj slow negattive potentials arise at rhythm, at the rhythm 
of comhiaed stimulation, (and) in response to the shocks of this 
stimalatloni 

fhfi effects which arose in response to stimulation at the 
time of tetanization differed eharacterlstlcally from the usual 
effects of - at each shock of stimulation with a greater latent 
period (ahout 20 seccaids) a slow negative potential of larger amplitude 
set isj direct effects of stimulatlcm, which were provoked hy this 
stimulation prior to the coBfibinatiGn of stimulations, arose now too, 
hut their amplitude was reduced. In other words, the effects stipulated 
hy the aetivity of the cortical neurons were extraordinarily intensified. 
^US| the significance of such phenomena t as a result of tetanic 
stimulatios (F^^) the excitahiUty is extremely heigh^ned in a certain 
group of cortical neuronsj at this time the stimulation of another point 
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of tfe© coortex provdk^a their excltatioa; 

At cessatlim of (i»^jQ) telaaiaatioa ef the 

to laitensi:^ (oac, D) and tfeelr grortk ocows in the course of 0,5 

memdai evidently at the time of tel^nizatlon the process 

of inhifeltion toc^s place aiid this Inhihitloa had a prolonged 
S 1 

aftereffect. At P ^ cessation the effects changed In character 
too; they becaie more prolonged, douhle and triple effects appeared, 
and after the negative complex a coneiderabU positive deviation 
arose (osc. E-0). Infrequent stiraulations of the point for a 
period of teas of seconds at csessatioa of the coiabination with the 
tetanic stiiaalatioa of the Pg point continued provoking the coisplex 
effects described. Hext, these effects siag>Ufied, abated, and 
ceased to be provoked, fh© again provoked its direct effects 
in the form of siraple negative potentials that set in with a 
negli^ble latent period but considerably lesser amplitude than at 
the beginning of the experiiaeiit prior to aanemtion of a 
rest of 30«60 secoMs was sufficient for these effects to be restored 
to their initial aagnitude, 

IlSius, elevated excitability of a certain complex of neurons 
is prolonged a long tine after cemtion of tetanic stinwlation of 
the cortex and can be demonstrated at stimulation of another point 
of the cortex located at a considerable distance from the point 
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the of oti»u^tio«8 la response to each 

shock of stiflftiletiOB m iaeg»tive potential ms registered, iflilch 
arose after an artefact of stlamlatloni i.e. lapulees of excitation 
proceeding from point actiwted at the point of discharge mainly 
the synaptic endings to the top dendrites, but they also reached 
the intiiacoarfcical neurons apparently of layer II (see textp* 65) 
sometimes caaslag excitation of a certain siobU number of them, 
which was expressed In the appearance of a sneU "hump*^ on the 
descending limb of the dendritic potential. When the focus of 
rhythmical electrical activity was linked with the tetanlzation 
of point Pg in the discharge part of the cortex, then the shocks 
of stimulation of began to produce larger slow potentials that 
set in with a latent period of about 20 millisecondsi but in the 
latent period of these effects after an artefact of stimulation the 
previous simple ne^tive potentials arose (fig. ^•5, C-a)j their 
aa^lltude was apparently reduced in cdnseq.uence of the prolonged 
tetanisation (compare fig, 3^# A and B), 

Bence, it is possible to make the following exclusion. In 
the presence of a focus of hei#tenad excitability impulses of 
excitation from extraneous sources are not deflected at this focus; 
impulses of excitation during secemdary stimulatimie proceed there 
and by the semte pathways as When it is not a focus of hei^tened 
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excitability, Hiey tiiereby produce aa latease bioelectrical reaetloa 
of eleiacnte tdiicb are foiiad la a atate of heightened excltaMllty (to 
ifhieh theae iB^ulaee proceed even prior to the creation of a f ocna 
of hei#teaed excltaMlity, bnt they could at that tiiae show only a 
subthreshold effect cai them), howew, as before, they produce also 
that initial bioelectrical reacticai which is characteristic to them 
la nopmsl coaditiosos, 

(I»egend to Fig, 46, teactpago 113: Bioelectrical phenomena at 

source of heightened excitability created in the cerebral cortex, 

Gat Bo, 33, July 16, 1990* pair of stimulating electrodes (P^^) 

placed on surface of gyrus suprasylTius, second pair (F^, microelectrodes) 

thrust into the white isstter under the cortex at a distance of 10 mm, 

frcaa discharge electrode (E) placed <ai the surface of the brain 

between and Fg, A ^ stimulation through electrodes at a rhythm 

of 10 per second (^ iq ) and addition of stimulation through Pg 

electrodes at a rhythm of 11 the shocks of stimulation of Fg 

are indicated by arrows, 1 - continuation of the coaihination of 

stimulations and cessation of stimulation, C - stimulation 

and addition of stimulatlixa. B - continuation of combination of 
90 

1 2 

lA ^ stimulations 15 seconds after the momant of the annexation 
IQ pO 

of F*^^, E - cessation of stlmulati^ (laoiaeBt of cessation ^ 
indicated by arrow) during uninterrupted stimulation* F,0 - 
continuation of stlmulatlQa, I - schwie of arrangement of 


electrodes (Boitbak, 1993 a) , ) 


Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6 






III Fig, k6 the rasTiXtp ars pyaseate^ of a s<»i0w3iat aoOlfied 

eit^erlaeat, fm% pair of stiawlatlag electrodes ma 

placed oa the sorffece of the hraia* At a distance of k m turn it 

on the surface of the hraia the discharge electrode (F) ma located. 

!fwo Isolated laieroelectrodes served as second pair of stiisulatiag 

electrodes. /Ehey vere sunk deep Into the vhlte natter under the 

Gortexi at a distance of 6 from the discharge electrode* llhus^ 

the discharge electrode ma hetveea the electrodes that stimulated 

the surface of the train and the electrodes that stimulated the 

i?hite BEtter (see Fig. k6, H). Stimulation itoough ulth a 

frequency of 10 per second (P produced negative fluctuatlms 

of the Mopotential irlihi an amplitude of about 0,75 aiUlv, (oso, 

C, the heginaing). At additlnn to P^ of a frequent tetanic 

10 



seconds of a o<»sblnatlon of the stimulations an energetic rhythmical 
electrical activity arose at the rhythm of l?i (osc. 0), lims^ -Ms 
stimulation “tied” its oim rhyid^ onto the neuronic elements of the 
focus of heightened excitahllity. In other ijords, P^^^^ on a hack** 
ground of the tetanic P ^ stimulation began to yield complex effects 
of a charact^ c<ag>letely different from ^hose ithlch iffere produced 
^ it prior to union of stlfflulatlonsi namely tbe began to produce 


(to- 
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poBltive of potaatlal, eoXitary and double. lEbuB, prior 

to m mblmtiGn of BtiiBwlations tbe stlmolatloxi 

was not »kedly reflected on certain nerve eleiaents located, aa ve 
bav© a ri^t to think, la the deep layers of the cortex. As a result 
of the union with the tetanic atlBBilation hf 

becoi^s capable of exciting them not only at the tiaie of tetanizatlon, 
but also at a tiiae long after its cessation (osc. E - G). 

On the basis of the experloent coasldered with stimulation of 
the white jwitter it is possible to conclude that the focus of rhythmical 
electrical activity can be created by the action of afferent impulses 
that come to the cortex* 

If the stimulaticai (stiaaltatlon of the surface of the brain) 
stimulation of the white matter ms added at a rhythm of about 10 per 

g g 1 

second (F ^ or F , then depression of the F effects was observed: 
the negative fluctuations produced by stimulation of the surface of 
the brain abated, their degree of abatement having been detenalned by 
1^ tiiaB Interval between shocks F^ and Pg (Hg* k6, osc* A and B)| 
at cessation of Fg stimulation the F^ effects gradually increased 
and after a certain time reached their initial magnitude. 

thus, We encounter extraordinary alterabillty and numerous 
phen(»isna* In the first place, stimulation of a given point of the 
cortwE can produce different effects depending on the |hase of its 
action (2 phases of tetanization of the ocarfcex) * the second 
place, the stimulatlcsi of a given point of the cortex stipulates 
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^ferent effects oa the frect^ieacy of stiamlation. 

for instance > in the case Jest ccnsldered the stiiailation throng thie 
Pg electrodes at a rhythn of 11 per second produced only depression 
of the effects of atiaialatlonj stimulation throtj^ Pg at a rhythm 
of 50 per seecmd in the second ^se of tetanizatioa stipulated 
coi^lete inversion of t3ae effects of stimulation, (^lis important 
pestton ifill "be examined again in a special way.) 

(I,egend to fig, 47, texi^ge 115; Bioelectrical phenomem at 
focus of hei^tened excitability created in the cerebral cortex. Cat 
Ho. 34, Oct. 24, 1950 , Btimalstlng electrodes and discharge electrode 
are located on the surface of the gyrus suprasylvius. 5!hB first 
discharge electrode (1&^) is found at a distance of 4 mm, the second 
at a distance of 10 mm, from the stimulating electrodes. Bio* 
3 ^tentials are discharged simultaneouBly from the point (upper 
curves) and from the I- point (lower curves). A - beginning of 

d. 

Stimulation at a rhythm of 12 per second] intensity of stlmujation 
30 y. B * eoniinmtlon of stlmulatlcm at a rhythm of 12 second 
and shift-^over to a stimulation fre«|uency of 80 per second, C * after 
3 sec., B * after 8 sec., £ * after 10 see., f * after 13 sec, of 
uninterrupted tetanic stimulation. 0 - scheme of arrangement of 
sttelatlng and discharge electrodes (Boitbak, I953u).);; 

In the experiments the recordings of which are presented in 
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fig# hj the ftljauUtiiag el^etrodea mid 2 discharge electrodes mre 
placed oa the gyms suprasylyiw; the first discharge electrode (^) 
at a distance of 4 isau # the second (ig) at a distance of 10 neu from 
the stimalatiag electros ( see Fig. 47, 0) . At first etlmilation 
ms applied at a frequency ^ per second (oso. A). At point 
In response to each shock of Btimulaticai douhle effects arose: after 
the first negative fluctuation (1 laiUiv.) that lasted about 10 
billiseconds, even prior to its coag?letioa, a second set in (0.8 
fflilliv,), about 40 mlUiseconds in lengl^. At point double neptive 
fluotuationi (0.19 sad 0.3 milllv.) also arosei la the course of 
stJpulation these effects intensified soEievhat. At shifting the 
frequency of stlbulaticn to 8o per second (osc, B) the effects in 
and Eg as early as after the first shocks of tetanic stiiauls|ioa 
ohanpd their sign and then quickly attenuated. After 3 secoMS of 
tetanlaation additiwl fluctuations begem to arise, oelng to which 
the curves acquired a wavy character (osc. G). After 8 seconds of 
tetanlsation at both points of the cortex a rhyfcfeailcal electrical 
actitity arose: froa positive fluetuatlcuis of eonslderabl© 
aa^litude (up to 0.6 lallUv. ) were discharged at a rl^rto of about 
25 per secondi frcaa Eg neptlve fluctuations (up to 0.35 fflilliv.) 
were discharged at the sane rhythm (osc. B). the 10th second of 
tetaidsstion ihs rhythmical activity lost its regular character 
(osc. e). On the I3th second at point E^ after reguiifJr intervals there 


'xwatji 
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ttegsin to a^l8$ grotips of 34 positive fluctyationsj at point 

I ■ « ■ 

in a?eapeat to eacli sooh group a aingla ne^tive fluctuation of 
potential of great length (osc, f) arose* fhese electrical effects 
set la at 2-'3 tliass a second, and such activity was ohseived for 
a period of a further 15 aeocaids of tetanizatioa, 

!I?hU8, the rhythmical electrical activity that arose as a 
result of tetanic stiiaulation of the cortex can he changed considerahly 
in its character in the course of prolonged tetanisatlon; each given 
fflojasnt of tetaniaation is distinguished frcmi the preceding or the 
subsequent one In the sense of the c<mipo 0 itioin of the coa^lex of 
neums being activated. 

It has already been said that stimulation of a given point 
of the cortex can produce effects dlffer®at in character depending 
on the frequency of stimulaticaa. The oxpQTiwmi Just considered is 
a good illustration of this aspect. During stimulation of a given 
point of the cortex at a rhythm of :12 per second at point preemlneat 
activation of elements of the surface layers of the cortex occurs; 
certain ccaaplexes of neurons of the deep layers are thereby excited, 
however long this stimulation lastB, However, stimulation (of the 
same int^ity) of the very saise point of the cortex draws these new 
neuronic complexes into reaction diarlng an increase of its frequency 
to per second. 

yurtherraore, during tetanic stimulation of the cortex rhythmical 
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actlTity arises tithin 1;he llittlts of a relatively large territory. 

J^reover, at different poiats of Ms regl^ rbyttoical activity m 
have a different character; ehicli mmmB the participation in It of 
nenronic elemts of a differfflst sort of origin, la to given case 
ifig. ^7) local tetanic stimulatiffli of to surface of to train led 
to to arising of rhythaical effects even at point which is 
foto at a distance of 4 DiBi. froa to stiBiulatlng electrodes; and 
at point Bg, at 10 lan. from to part stiamlated. lowever; at 
positive, and at Eg negative fluctuations of to eleetrloal pototial 
arose. In other words, at the center of to focus of rhythmic 
activity excitation aalnly of to neurons of to deep layers of to 
cortex occurred! at to periphery excitation ci ©l^ients of to 
surface :uyers predominated (l.t. mainly dendritic offshoots in 
layers I and IX). (footaotei if relationships of such sort prove 
regular, ton, iaasmueh as activation of to surface layers is 
ccamected with depreseim to ‘’spontaneous" electrical activity, 
it would he very tempting to admit that actimtion of to surface 
layers of to cortex along to peritoiT of to focus of this activity 
is to reason for restriction of to rhytodGal activity. At tot 
time also it would he possihle to cite toie data as an electrophysiological 
d«i 9 oi»totim of to folloiilng "fhe point of 

ccmcentration of sttolation to a more or less extent is surro^d 
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Ijy a 3?!i?ooe8B of (Bavlov, 1932) •) 

At 0»ftiaii)iatloa of fig, 47 d-srelled on the feet that as a 
restilt of eeveral-eecosd tetasiisatioB (80 mcoM) of the cortex 
at points and comi^lsx rhythmical electrical activity arose. 

At the 30th second of tetanization the fretuenoy of stimulation was 
shifted to 12 per second (fig, 48 , osc. A). (legend to fig. 48 , 
textpage 11?: Continuation of the experiments the recordings of 
which were presented In the preceding illustration. A - after 30 
secoi^ of uninterrupted stimulatlcai at a rhythm of 80 per second, 
the fretiBncy of stimulatiQn is changed momentarily to 12 per second. 

B - direct continuation of recording A, C - after 3 seconds, B - 
after 6 seconds, f - after 9 seccaods, f - after 15 seconds of 
tmlaterrupted stimulation at a rhythm of 12 per second. After this 
the frepeacy of stimulation was a@iin shifted to 80 per second, G - 
after 13 seconds of tetanizatlon the frequency of stimulatlcasi of 80 
per secood shifts to 12 per second, ) Ki^ht at the same rhythm of 
stimalSMoa there began to arise at point pGSitlve fluctuations 
(50 Bdlliseconds) and at point negative (80 ailliaeconds) of 
electrical potential, the anplitude of which eq^led f0,9 and -0.65 
lallliv, tofl, after tetanisation infreqi^ stimulatioiis of the same 
point of the cortex produced at entirely distorted effects) as 
regards the effects ©f point then an extraordinary intensification 


rsiiix 
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ooenmd of a secoad aegatlvo flactuatloa (ecB^are Fig, 47, A and 
Fig, 48/ A). 

As soon ftom eisaaiiQatioii of Figs. 4? and 48, infreq.wirt stlnmla- 
tioas of a gim point of the cortex that iispart change to the tetanic 
stiiaalatioa and hate created a focus of ihythialcal electrical aetitity 
produce in this Jocus effects the ssm in character as there «ere at 
the time of tetanixation, i.e. ifffrequfflit shocks of stimulation excite 
the same ccmiplexeB of neurons as stipulate hy their activity the 
arising of rhythmical electrical activity, complexes irtiich were not 
excited hy infret^eat shocks of stlaailation prior to tetanization, 

Shus, elevated excitahility of the neurons of our focus can be 
deuKmstrated both during stimulatlc^i of other points of the cortex 
(Fig. 45) and during stimulation of the saaje point of the cortex, 
the stimulation of ^ch is stipulated by the arising of this focus. 
Finally, these phenoasna are of one order. 

Attention is again toun to Fig, 48 because at cessation of 
tetanisation the effects of infrequent stlaalations increased during 
the first second, reaching amplitudes of - 0,9 aad mllUv, (oso, B), 
Frc^ssive abatement of them begsn after 5 seconds, the attenuation 
of the positive fluctuations (effects at 1&^) having proceeded more 
quickly than the negative (the effects at 3Sg), and after 9 sec^mds 
from the moaeiat of cesflaticn of stimulation from negative fluctuations 


Suns- •'NlQi 
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wre #gstB dlamrgai, i.e. effects aopired the usual cteiaotar, 

anti fri* B there wre eBSla aisehargea nsgatiw fluctustiens conslderahly 

■ 2 

iatenalfled 48 to the norml (osc. B)* Shortly after this the 

fretmcy of atiiMleUm asaia changea over to 80 per secondj as 
a result of several-second tetanlzation, weak rhythmical activity arose 
(osc. 6}j infrequent stimulations, li^artlng frequent chanE^, preauped 
extremely attenuated effects ordinary in character (ccapre Jig. Ii8, 8, 
and t7, A). Usually, as already said, repeated tetanic stimulations 
of the cortex do not cause rhythndcal electrical activity if the interval 
hettfeen the stimulations is less than minutes, thus, in order to 
obtain laie phenomena considered ly us, rhythmical electrical activity 
of certain elements at time of tetanlsatlon of the cortqx wd prdonged 
elevation of their excitability at ceseatlfa of tetanlsation, the part 
of the cortex in questlan should he exhausted hy previous activity. 

Experiments similar in mture are juresented in the recordings 
of. Fig. 49 (textpmge U9! Bioeloctrlcal phenomena at a focus of 
helghtraied excltahlllty created in the cerebral cortex. Cat Ho. 30, 

July 1, 1950 . Hie stimulating electesdes are thrust in under the 
cortex in the region of the posterior pole of the gyrus suprasylviusi 
the discharge electrode is placed on the surface of this convolution 
at a distance of 10 mm. from the stlBalating electrodes. A - effect 
of stimulation at a rtiythm of 10 per second (30 v. ), B - 0.8 sec. 
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f roa tihe stert of stimulation at'' « rhythm of 50 per second* C - 
25 seconds from the start of stimulation at a rhythm of 50 per 
second and shift to a freqiuettoy of stiinlatioa of 10 per sec, P - 
0^3 sec* after C, E is I minute after P, f - effect of BtimulatiGn 
at a rhythm of IG per sec, hefore poiscming, 0 - effect of the 
same stimulation IT minutes after local strychnine poisoning m 
solution) of the cortex under the discharge electrode.). In tiiese 
experiments the stimulating electrodes (microelectrodes) were 
drlten into the gyrus st^asylvlus to the idiite matterj Ite discharge 
electrode was ©stahlished on the surface of the cortex at a distance 
of 8 mm* from the stimulating pair. Shocks of stimulatim at 
infrequent rl^rthm caused at the discharge point two-phase fluctuations 
of small aa^lltude: at first a positive 1 then a negative fluctusticm 
arose (I’lg, 49 j osc. A). Evidently activation of the cortex occurred 
hy means of fibers that entered from the tdilte matter: as known^ 
afferent and callosal fibers termimte mainly in cortical layers m 
and IT, At arrival In the cortex of a volley of excitation in^ulses 
along these fibers first of all the elements of these layers are 
excited^ iMch Is expressed in the fact that at discharge ftm the 
surface of the corresponding prt of the cortex a positive fluctmtion 
of potential is registered, after which, when the functional state 
of the cortex is good, a negative fluctuation follows. 






With a 8hift*Gver to frequent tetanic stinmlation (osc. B), 
at the rlQiiiha of stiimilaticn saall poaitite d-uctmtions Began to 
arlBO* After several seeonAs of tetanijsation a cc^licatlon of 
effect set ini at teeplar rhytha slow fluctuations of greater 
aaplitude Began to arise {osg. G). With transition after this to 
infre^i^t stiiEalatioaS; it was oBserved that the latter Began to 
cause intense coa^lex BioeXectrleal effects (osc* s). fhese 
effects are not intensified initial effects (i.e, effects which 
we^ caused Before tetaalzation of the White mtter). On the 
contrary, the initial coaiplex (+*•) ahates, But after It with a 
cosslderaBle latent period first a positive, then a oost int^ase 
mgative potential arise. After aaxQr seconds of stimulation these 
new additicHial potentials ceased to arise, and each shock of 
stimulation caused an effect the sajas In character as at the very 
Beginning of the experiment, only highly attenuated. 

Intense additional potentials, which arose after tetanizatlon, 
set in with a greater latest period (of the order of 20 milliseconds), 
whi(^ indicates participation of cinrtical neurons intermediate in 
their origin. 

If in the preceding case (fig. iiB) the activity of the new 
elements as a whole masked the initial Bioeleetrical effect, since 
the new elements were excited directly in response to stimulatiQn/ then 








in tbe case in t^stion the nsir «Xeisi&irt8 ¥ere into the reaction 
after the end of tlae initial bioelectrical reaction that set in 
iiaifliediately in response to stto 

In the recordings ^nst cited it is likewise seen that the so- 
called "spontaneous" slow potentials that arise during tetanization 
are considerably suBller in amplitude than the slow additional 
potentials arising in response to shocks of infret^^nt stiaulationi 
incessantly changing; they are not only smaller, but they are also 
triable in amplitude and length. 

As known, strychnine has a characteristic capacity for 
increasing the excitability of neuronic eleiBents. Consequently, 
it would be possible to expect that during local strychnine polscniing 
of the cortex phenomena would arise like those considered above , 
which were treated as a consequence of heightened excitability of 
cortical neurons. , 

Some tiiEe after the experisisnts described with tetanisation 
of the cbrtex (fig. 4^, A-B) the area under the discharge electrode 
was poisoned with 1^ strychnine solution. Jmiaediately before 
poisoning, stimulation of the white laatt^ at a rhythm of 10 per 
second produced the effects already described above, consisting of 
a brief positive fluctuation, after which a negative followed of 
siaall aiaplltude but greater length, smtiass complicated by additional 
"husips" (osCi f). After poisoning, the saias stimulation began to 
produce tm effects; after the initial first cong^lex, attenuated 


fUm»» 
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a positite tlmtmtim arose viih a latent period of 
go-25 ailliseooiad«> after i^ch a most energetic negative potential 
foUotred (oac. G), toa, aa a result of stryohniaissation of the 
diacharge point of the cortex during stiiuulRtion effects arose llite© 
those ^ich began to arise In response to lOils stimulation after 
tetanization of several seconds (coagare osc, P and G}. A similarity 
is discovered also in such a detail as that in both cases addlticsaal 
energetic potentials arise in responae not to each shock of stimulation 
but to each second or third shock. 

Since it is uell known a heightening of the excitability 
of the iateniiBdlate neurons lies at the base of the change of 
bioelectrical effects tojder the abtion of the strychnine | then the 
Ihets cited can serve as deaK^tmtioa of the fact that the phenomena 
being censiderea# ccmected with larolasg^ tetanic stimulation of the 
cortex, govern heii^htehlng of the excitability in the new additional 
coi^lexes of the iatracortical neurons which usually are not excited 
in response to infrepent sho^s of stimulation, 

On the basis of the faets ^ust considered it is possible to 
conclude the arising of complex effects new In <diaracter after 
tetimlxation is connected# at least In the case in gpestion, with 
change of state of the in^uroM In the regicssi from which those 
effects were recorded and not In the region of the application of 
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jBtliBUlatloa, ijeoam® miUt was stiswlated and^ seco»ai3r, 

an ssa^tially siiaiiar result wi» obtained at local strychnia poisoning 
in tne disobarge jPegion* As alirii^idy said^ stiycbiiine convulsl've effects 
ai^ not limited strictly to m region of poi8<»iing. 

As already saidt during cQrablnatim of stimulation of two points 
of the cortex (one point is stimulated tetanically, tbs other with 
relatively infrequent shocks) jdiyihaiical eleotrlcal activity arises^ 
and l^e rhyldm fiequency is determined by the fiequency of the second 
infrequent stimulations this stimulation "ias^oses” its ihythm on the 
neiiroaic elements of the focus of hei^^xtened excitability* 

(leg^ to Fig* 50, t^pa^ 121s Bioelectrical phenomena at 
the source of hel^teaed excitability created in the cerebral cortex* 
m Ko* % m, 9, 1951 . 5^iro pairs of stimulating and Pg) and 
2 discharge and Eg) electrodes were placed on the surface of the 
gyifus suprasyivius (see scheme}* ^he biopot^tials are disclmirged 
from point (upper curves) and from point Eg (Icfser ewes)* A - 
stimulation through electrodes at a rhythm of 10 per second (P 
and snneaBStioa of stimulation through electrodes Pg at a rhythm of 
50 per second (P^^). ^ Intensity of stimulation of P^ and Pg is 
25 V. B * length of c<»i^liiaticn of stimulation 4 P^ ^ 9 seconds 

after mgaamt of aonexation of P w ^ • stimulatlctti throng electrodes 

. 

f at a rliy«a of 50 jw second (P^jq). n» 11th ge<»na after heglnniBg 

/ ^ ■ 2 ■ ' ■ 

of tel^uiisation* B - end of tetanlsatloa by P and beginnix^ of 


'"^1 
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Stimulation by P wmn% ctf application of first shooi: through 
electrodes is iijdtcated by arrcw, I • scbeaie of aaMogeiaeiit of 

electrodes (Boitbak, 1953a).) 

Jbe set-up of the ei?periiaeate, the ree^rdings of \diich are 

preseated in Fig, 50, ws laore oooplex than those described up to 

no¥! here registrations were aade of the biopotentials of two 

points of the cortex during combination of stimulations of two 

points of the cortex (Fig. 50, S). Stiamlation of the anterior 

pole of the gyrus suprasylvius at a freqiueacy of 10 per second 

(P ) causes at point B, (5,5 am. from Pi) negative fluctuations 
10 1 * 

of potential and at point Bg (19.5 from P^, the posterior pole 
of the convolution) positive fluctuations of potential. At the 
combining of the tetanic stimulation of the middle part of the gyrus 
«uira.ylvlu. vlth a frequency of 50 per aeeood the 

Stimulation beocmigs for a lenig time inactive, as it were (oso. A), 
^veral seepnds after combining the stimulations rhythmical electrical 
activity arises at point E, and From S, positive flucttmtlc^ 
ai^ registered and from Kg negative fluctuations (osc, B), iEhus, 
we again are confr<mted with facts indicative lhat at the periphery 
of a focus of intense rhythmical activity of the el^nts of the deep 
layers of the cortex essential activation of the surface layers occurs. 
IJhe ihytha ©f the segBitive fluctuations at Eg and of the positive at 
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iB dBteTJiiini^ Ijy stiBWlatlos: fluctnaticm arise ia resp^Bse 
to shocks of this stiplationj froa tios to tla© doyhl© effects (osc. B) 


arise to the shocks of stiwalatto. 


F^ stimulation in itself causes rhythmical electrical activity 
50 


of a different character (osc* C): at uninterrupted stiMilatic® groups 


of 4-5 positive fluctuations arise periodically separated from one 
another hy 1/5 of a second pauses. 


At cessation of the tetanic stimulation that produced rhythmical 


electrical activity there often occurs a more or less prolonged after- 


effect, Bse hioeleetrical potentials at the time of the aftereffect 


are usually similar in character to the hioeleetrical potentials at 


the tijae of tetanic stimulation (osc. Bj see also Fig, 44). It is 


possihle to think that the aftereffect is stipulated hy the activity 


of the same neuronic elements as are excited at the time of tetanisaiJon, 


If at cessation of tetanlzatlon of a given point of the cortex, 


at the tiii© of the aftereffect a relatively infrecy^t stigiilatiaa is 


applied to another point of the cortex, then the aftereffect can he 


broken and effects at the rhythm of the stimulation applied (osc. B) 


begin to arise, (Footnote? Aftereffects at cessation of tetaalsation 


lasted ten seconds and had the same character as in the recordings 


of Fig, W-, ahich eere made on the sarnie preparation,) fhus, additional 


stimulation can “control" the activity ©f the neurtaaic elements at the 


focus of hei^tened excitability, determining the rhythm of their 


excitatiem not only during its combination vith tetanic stimulation 
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that created this focus | hut also at the time of the aftereffect^ 
when the rhjitha of the arising hioelectrical potentials is determined 
by i^luences not aiwys yieidlBg to calculation. 


{l»egena to fig, %, textpage 1^2 j Bioelectnlcal phenomena at 
focus of hei^tened excitability created In the cerebral cortex, 
Kon-i^rcottzed rabbit* iferch 10 , 1951. Breathes through cannula in 
trachea, toough an opening in the bone and in the dura mater 2 pairs 
of electrodes vere placed on the surface of the cortex: in the motor 
and optical regions, 'fhe biopotentials are discharged from the motor 
regioni stimulation is applied to the optical region. ^Ehe intensity 
of stimulation is 30 v, A - stimulation at a rhythm of 5 per second, 

B - aftereffect at cessation of stimulation. C * repeated stimulation 
at a rhythm of 5 per second at the time of the aftereffect. D - 
imiaediate continuatlcm of recording C, E «• aftereffect after cessation 
of stimulation, ) 

_ fhe phenomenon described is observed too in experiments on non- 
narcotised animals, fig. 51 serves as illustration for this position, 
in vhich are presented recoidings obtained in experiments on non- 
narcotized tiacheotomlzed rabbit, fhe discharge pair of electrodes 
lias set up on the naotor area of the cortex, the stimulating electrode 
on the optical area. Each shock of stimulation at a rhythm of 5 per 
second produced in the motor area a definite electrical effect (osc, A)| 
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at tMs tine no motor or TOeetatlve reactlims arose. At cessatiMi 
of stimulation a prolonged aftereffect ms otserreS to tte form of 
sloB potentials at a regular rhythm of ahout 7 Per second (osc. B). 
Sttoulation, i*sn it mas applied at the time of the aftereffect, 
teoke it off! effoota began to arise at the rhythm of stimilatl® 

(osc. C and D)5 at cessation of sttonlaUon the a^ffeet described 
above again occurred (oSc. E). 

At combination of etimalationB of t»o points of the cortex a 

more Intense rhyttaalcsl electrical activity usuaUy arises than at 

stifflulatlon of one of ttese points. This also refers to oases vftsn 

tetanic attonlatloa is applied to the first point but the second 

point is stlmutoted comparatively tofrequent electrical shocks 

(Fig. 52, B and a). It is poaaible to thtok that during combination 

of ^ 1 ^ a greater number of the neuronic elamraits of a given 
10 ^ 2 
complex is toPlieatea rmcticB than to the case of isolated P jg 

stlmalation. Ibus, additional P^^g stimutotlon net only stipulates 
the fflccttatKa rhythm of neurcani of the dominant focus but also 

evidently increases the nwdw of focal elements excited. 

If at oMibiaatiOtt of p\g + P^jq «1il»«lati«ie rhythmical electrical 
activity arisea, then at cassation of P®jg sttonlation the P^j^g atlrniaatien 
cwttoues to excite usually for a period of tens of aeconds toe neuronic 
oleaeBta of toe fecua of hel^tened excitability toat baa wlsen. If 


Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6 






Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6 



^3S- 

■ i 2 

at ccsflbiimtioB of f _ F ^ Btiffijiatioae it does aot lead to the 

arislaig of rhythmical electrical actlTltyi then at cessation of 

1 50 

stimiti^tioB the P stimulation produces its osm ordlnaiy effects 

as it did prior to union with the tetanic stimulatioae If at 

comhination of 4- ® rhyldamlcal electrical activity arises 

and the ooidjlnation of stiimaati«m lasts tens of secoadB before the 

dlsaj^earance of rhythmical electrical activity, then at cessation 
S' I 

of P stimulation the f ^ stlaalatloa produces its own usual 
effects, only neatly attempted in with those which it 

provoked prior to union of the stliaulstiona, Ihus, infreq[uent P^ 
stimulation at comhination with the tetanic P ^ stlmulatlcai does 
not produce ^citation of a given coa^lex of neurons so long as 
their eaccitaMUty has not yet reached a certain critical rngnitud© 
at which they are capable of being rhythmically eaxjited under to 
actios of isgmlses of any origin tot arrive in the cortex or If 
this high excitability of toirs has already fallen because of 
©shausticm. 

(legead to fig. textpage BioeXectrlcal phenomena at 
a focus of heightened excitability created in cerebral c^tex. Cat 
Ho, 37, Jan, T, 1951* to first pair of stimulating electrodes (P^) 
was placed on to rear pole of the gyrus sti^rasylvius, to second 
(Pg) on to anterior, to discharge electrode (f) was placed at to 
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MMIb (xf the ec^lhtloa. A - stlwhihtloii eXectrodes 

at a rhythia of 10 per eeeoi^ ahd Cixaibimtloa of stiamlatioa 
through electroctes at a rhjrtha of 50 per aeeond ^ 

Intenaity of atismlatlon «»s 25 % B coatiauattoa of coahlaatloa 

of stiBsulatioBs 10 8ec<^ after mmnt of eameisatlon of C 

2 1 ^ 
cesaation of f ^ stiauXatloa dorlwg imtatemipted P iq stt»«latl<m. 

f} - oohtiimation of recording C* S • effect of etlnmlatioa after 

10 eecoade* interraption la its action stiiBulatioa iras iaterrupted 

seTe3?al seccaida after recordlag D. f - effect of stiBjulatlGa 

after 20 seconds of iaterraptlon in its activity; a - 

50 

stimalatioaj 12th second froia start of tetaaizatioa. H - end of 
tetaalKati<m and hegianing of stlmlation. I Bchejae of 

arraageroeat of electrodes (loithak, 1953 a),) 

la preparation Ifo* 37# es a result of tens of repeated 
ezperis^nts (with 5*^ninute intervals hetweea esperliaeats} » it ms 
pssBttle to bo jarsuaded ttoit the Mfeauent stlsaXatiOE, at 
inienruptiia of tetaniaation, ctmtlaoed for a period of 40-60 
seeonds to iwoduoe aeif effeote the eane la charaeter as these ttet 
aroae at the tlae of Hm csajhlmtlon of positive 

nuetuatlOM Of hlopotwtUl (Hg. »). If p\q etlmflatimi 
'idsea it iprooeeded la an isolated wiy at oeesatloa of P® was broken 

50 

off for 10-15 seconds, t»a at r^ted swltehlag <ki this sttaflatlcw 
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c«as^d to provoke new effects, uliicli. If it were not interrupted in 
its aetlm, It would continue to produce for 20-30 seconds laore* In 
other words, hecause of the change described in the course of the 
experia»nt, stlaulatlon lost the capacity acquired by it as 
the result of combining with tetanic stlmulatiGn, the capacity to 
excite neuronic elements of Ihe deep layers of the cortex. 
now produced its usual effects, negative fluctuations of potential, 
somewhat abated as compared with those which were provoked prior 
to a combination of stimulations (fig. 52, 2). !Ihus, infrequent 
stimulation of the cortex sustains a state of heightened excitability 
in the focus that had arisen during c^imtioa of this stimulation 
with frequent ifeetanlc stimulation of aaotor- point of the cortex^ 

On ^e above-iaentioned basis it is remarkable that if 
infrequent stimulations are applied to point at interruption 

of tetaalzation of point Pg (f®^) contlnneS prtw to the 
arising of a rhy^mi^l eiie^lcal activi’i^ mxiii^l in intensity, 
ten It is possible to obtain tese phenomena which are observed as 
the result of a ccaabination of f stimulations. ISa 
exporim^t 52, 1 , $UmUnm was applied for 280 alllisecoada 

after cessation ©f tetanic stimulation, te F^^^^ stimulation 
provoked weak effects as compared with those vMch it caused after 
coidjiaatlm with stlmalaticmj the first shock caused a negative 
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flueliuatloB} the last shoehs CBused posltiw fluotuatloBa, hut these 
ef^Bets in aaplltuae and duratloa cansiaerably yield to the effects 
caused after eoBhlaation with and, to Tfliich attention 
should he turned, in these effects additional positive fluctuation 
(ooS®ere Fig. 52 I and C) was ladtiag in these effects or was slightly 
e^^ressed, ^ 

(legend to Fig. 53, -^entpage 126: Bioelectrlcal phenoaena in 
the focus of hel^tened excitability created in cerebral cortex. Cat 
Ho. ah, May 20, 1950. Conttoatlon of experiaents the recordings of 
i&ich were presented in Fig. 1*5. On the sur&ce of the gyrus 
siwrasylvius 2 pairs of stlmlatlag electrodes were placed (Fj^ and 

Pg) and between then a dlsclsirie electrode E (see scheae). A - P^ 

2 ^ 
stimulation and annexation of P jg stlmalation. B - cessation of 

P®jg atlBulatiMi after Ih seconds of union of p\ + P® silmulatloas. 

C r 13 after Bj ceesatioa of stimulation, 1 * ^ of 

g , 

f ^ stliBulation and anoemtlBn of F ^ stimulate, S - 
o^tinmtloa of B, F - ^teral seconds after H. a - sofaene of 
arrangwnt of eleetrodee, ) 

Ihe exjperlaenti tfee recordings of are F«^sented in Fig, 

53> is a repetition of the experlmint iUnstreted By the recordings 
^ analysed In detail. As a resnlt of iiae ooaiblnation of 

' 1 ' g 0 

stlBulntions P ^g + P V ^g at Intemgition ef ? jg l»em to cause 


d***- 
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effect;©, Aftea? 5 miaute© m exgperfimt vs© set tlie 

recordings of iiMcli ire Reseated la fig, 33f ®-f » ^staaic stiiaaljatioa 

/ IS V 

of a ©ecoad jpoint of tlj© cortex (? iraa coDtinued up to the arlsiiag 
of a rhytiadcal electrical actifity la latensity) stifflulatloa 

of the first poiat (P^^) ms hegm 0,5 aec, after cesaatioa of 
tetaalsatloa (fig, 33> B), la spite of the fact that this stisialatioa 
Has applied at the tiiss of the aftereffect, it caused no netr con^Iex 
effects (ciMi^re 53# B, E, f and 53# B aad G). 

!Chus, It i© to ocnolnde that the fact of anion, of 

coincidence at the tiiae of the stismlations of tvo points of the 
cortex, has iiaportance in the sense of detemalning the character of 
the hloelectricaX effect© which one of the stiimilatlon© being combined 
proTPahes after the cessation of theo^her, fhn», the effect of direct 
electrical ©timnlation of a gim point of the cortex depends on the 
preeedii^ history of stimulation in a store cwlex sense than has 
been adsdtted up to news the effect of stimulation depei^s not cnjly 
on the preYiouB stimulation of a given point of the cortex and not 
only on the previous stimulation of other points of the cortex 
(Tvedenaitii, 1S97)# hut aifio on the fact of a previous coincidence 
in tisse of stlimilatlon of a given point of the c<mrt;ex hy 
of aiay other point of the cortex, 

finally, In fig, 5^ are presented recordings of an ejqperiment 
the set^tQ^ of which was the foUourlng, fwo pirs of etlisalating 
electrode© were eetahllshed on the gyrus suprasylvius at a distance 





Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6 


-83T- 


of XX B0U frc© oaa sawiitoy, aad the dieeh»r«e eXeetrode was between 
StXfflBXstim of point at a rhythm of 8 per second 3) 
dtrdng a stiiaiXaticsi, int^islty of ^ did not cense apprecia'bXe 
MoeXectrioal effects at the point heing discharged, K (osc. A). 


At^ame»ation: of the stiuwXatloa of point Fg at a rhythm of XOO 


per sec* gradnalXy intensifying rh^ 

arose at the rhyMam of Fj^ stimuXatioa lose, B), 

At cessation tetaaization the aXtemate slow fXnctnatim 
had a considerahXy larger amplitnde than at the tixae of tetanization 
(osero), FinTtheraw the slow fXnctmtic«as proceeded at a far 
mm toetueat rhythm, hot the effects that arose were connected 
with F^0 stimulation} each coBs»Xex effect was a of fluctuations 
at a rhythm of about 5^ per second and the slow fluctuation of 
potMitial arose in resp^e to each second shock of F 3 stimulation 
(osc, e and B). After several seconds the effects were siaplifled: 


ea^ F^3 shook caused a double positive fluetimtion (osc* H), After 


seierai more secoiais the f 3 stimalattQn began to cause such effects 
as prior to union of stimulatlcsis (dsc. f) « 

thus, infrequent stinailation of point Pj^ of the eojtex caused, 
at a glwea part being dlschargedi slii^ht electrical effects which can 


be /c<»3»idered im ej® only of polarisationi afterward at this 

M the Jesuit of tetanlsatlOB, a foeus of rhjrthalsal 


eotitlty having eriseii^ the suhttoeshold sttwilatlon heoane effective! 
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it the rhythja of eleetrlcal fluctaatioas at -time 

of ej»abimtion i^ith tetanic stlaulatlon at interrviptlm of tlje 

uaion for a long period it remined capaMe of provoltiag exoitatlm 
of certain newronic coa^lexes, 

(IiOgend to fig. 5^, textpage 128; Bloelectrleal phenomena of 
a focias of nei^tened ©xcitabUity created in the cerebral cortex. 

Cat lo. 3T^ 5bn. T> 1951. mm pr^ration as for fig. 52 too, 

3 hours after the experiments cited there.) Stinulating electrodes 
(P^ and Pg) and discharge (l) electrode mvQ placed on the gyrus 
suprasylvius (see schene). A - subthreshold stliBulatlM (4 t. ) 
through electrodes at a rhytto of 8 per sec. and annexation 
Of energetic (30 v. ) stimulation throu^ electrodes Pg at a rhythm 
of 100 per second (P^j^qq). B - continuation of ccxBibination of 
stimulations ^3 + ^^xOO «al^‘tarrupted stimulation (moment 
of cessation of tetaaisatioa Is indicated by arrow) (Us Ho legend 

giTsh for C.) B - direct continuation of recording C. 1 « continuation 

■ ' .1 ' 

10 seconds after recording B. f- after kO seconds] cessation of f 3 
stimulation. 0 - effect of intense (25 v.) stiamlatlon. I - 
scheme of arraag^aent of electrodes (Soltbah, 1953») *) 

One of the i®o»t important principles of neuroi^ 
lies at basis of the dynamics of reflex activity of the central 
nervous system ms established by the Investigetiens chiefly of 
laylbv, Yvedeaskii, mtoarnkiii and Beritov. It was forwilated by 
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fiatluv la X904 la tljs f ollowlag polat of tlae ceatral 

nomas SfBijem idaloh at tline of a pogiltlye reflex is hlglaXy 
stimulated dimts toward Itself veak stisialatioas that fail from 
the outer or inaer mtM sinwXl^otasly oa otiier points of this 
system,” As Imoifa# tlk2it«kii iatrodueed the coacept of the 
domlaaat, phsaomoa of the doniaaiit has been described by 
him la the folloufiag imy « "tvery time as w step up idie excitability 
of a certain c^ter and it is adapted to addixig up and keeping ia 
itself the exeitatioai a chaaee stiiuletioa again applied win first 
of all provoke motions in it| i,e, , descriptively speaking, it will 
deflect its own impulses to it” (mtomskii, 19 ^ 6 ), Berltov gave a 
rational explamtioa to the pheaomeaoa which bore the descriptive 
designation of ”attraati<m” of excitation, having indicated that 
variability of the refits depends on tjris, that side by side 
v|th this center on which the stimolatioa acts, owing to the ira^di- 
atlcm of the ejccitaticm, oth^ centers too are excited, the 
^itabili^ of which is hei^tened under the Influence of any 
inner or outer stiiiealatio^j the activity of the latter, which 
arises first, stipulates inhibition of the reactica tot usually 
arises at a stimulatioa altoiii^ to latter can also appear 
Ci910, 1915 , 19*^1 Bmritov, Bakuradne, to JtetoshviU, 1937)* 
Several tmamploa characteristio of to ptoomffitton being 
coiMiideto will be presented bel^^^^ 
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l) If iE dog tajd«r Portly after 8t:UfiiilatiQii 

of ti« ifitor to extenaors of to fore paw (ceater A), 

stimulatlm is applied to to laotor pdiat of to flexors of to 
fore pew (center B), then it is possible to observe a paradoxical 
effect: no effect is observed corresp<aidiag to stioulation of B 
bat snob an effect as would continue to stiaulate center A 
{YvedensUi^ X^T). 

g) In non^mrcotised dog vltb electrodes placed directly on 
tocoartsex^ after stiBfiilatloa of part of to s©tor ar^ of to cortex# 
sttolation of to optical part provokes laoveiaent of to animl as 
if to stiiBulatto were applied to to lotor part (laeri 1905)* 

3) At tiiae of to reflex acts of swallowing and defecation ; 
direct electrical stijsolation of to cerebral cortex tot usually 
causes jaovesents of to extreBdtles does not K^duce theia bpt 
intensifies to existing reaction# swallowing or defecation (Hkhtoraskll# 
X911K 

4) As a result of local strycbaine poisoning of to cortex it 
is possible to observe inversion of action of ctoitlonal stimulation, 
gal ♦mason ( 1929 ) # after wsaSsdag out a ctoiticned detoslvt reflex 
for to left rear paw at to knock of a aBtroa^xwi opened to brain 
m poisoned with slnrycfaj^ to aotor portion of to ri|^t fore pawi 
after poiscajing he b^ij^ to produce by metronome an energetic reactl^ 
in to right paw. 
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5) At local Btryclmiii# poicoaliig of the motor area of the 
cortex rhythadcal mmmn%B arise of the corresponding extremityi 
these movements intej^lf^ at stimulation of the most wlcms parts 
of the cortexi both of tt® corresponding and of the other hemisphere 
(ieritov, 19X7)* 

6) If an anode of constant ctirr^t is applied to any part 

of a motor area of the cortex of n<m-narcoti2ed rabhit, then the 
earlier "indifferent” auditory and optical stimulations begin to 
cause movements of the animal that prove more intense in those 
groups of muscles the motor centers of vhich undergo polarization j 
auditory stimulations ccaitinue to cause movement sometimes for a 
period of several hours after breaking off the constant current 
(lusinov, 1951 > 19531 Susinov and Semiokhim, 1952). 

Ijkhtomskli endeavored to ascertain those intimate processes 
which lie at the base of "hei^itened excitability", as a result of 
whii^ a given focus of the central nervous system reacts uniformly 
to uniform influences Idait are , applied by the current medium. Se 
came to t^ ooncluaion that the focus possessing heightened 
exeitability is in a state of fixed excitations "from this too 
there is heicjhtened excitability^ which it had already prepared by 
a constant excitation already present of a given focus" (1930). He 
considered a concrete stu^ of this necessary n as it accumulates 
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ei4 SB It ariBe9> tiaie fo^ tmoUomj ttit he ms mabXe to 
aeooiaplish this he ms mbXe eleotropiQrBiologioal ooalar 
deMJMtmticrn to Ghaage the theoretic (lHitoi»skli| 1937)* 

^ dowlm emffliaed by tSthtoHiskil too as a 

fiSDBd fmm of polsatiog escoitation. Aocordlng to Qolikov's ideas, 
at the a:dBiiig of a dofflimat tocw ffiseitatloa Irradiation can oGoar 
over an ever greater amber of central cellular elements, over ever 
larger cellular masses, aad, together vith this, concentration of the 
excitation in them* fhe elomnis of excitation "that are being recruited” 
in the process begin to be excited rhythmically at one ten®o and 
rhythm* fhis is a phenomenon being expressed in the reduction and 
disappearance of dispersion and in lack of coorilnatioa in the periods of 
excitation and has been desigaated "inner i^chroninatlon", in distinction 
from synehroniaation mth the rhythm of external stimaU, mich ms 
designated "outer syaehronlsatioa" (Solikov, 1950) • 

In the oscillographic experiments descrlhed above with tetaaizaticm 
of the surface of Id&e cortex a focus of hei^teaed excitability arose 
that evidently possessed those features which ere applied to characterise 
the "dominant focus". In Figs. 43 and 47, in which an osclllopaphic 
recording ms presented of the Whole course of the arising of a focus 
of heightened excitability, it Is mil seen how stimulation over a long 
tlm remains in ap|«reat iaaetiTity, bm then rhythmical electrical 
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activity gradimlly begins to arise, Im at first flnctuations smII 
la aa^litude arise, the rhythm of which Is implar, how progressive 
increase of aa^littide of the hlGelectrlcal flnctmtions occirrs, and 
how their regular rhythm is established .and there arises finally In 
developed form a limited focus of most intense rhythmical electrical 
activity, fhus, in these oscillographic recordings the process of 
iisplication in the action of an ever greater number of neuronic elements 
and the process of "inner synchronisation" at the focus of heightened 
excitability are registered. 

During oscillographic study of the focus of heightened excitability 
it Is seen With what facility it is possible 'to impose" the rhythm? 
annexation of infrequent stimulation of anotibr point of the cortex 
leads extremely quichly to this, that the rhythm being established 
in the focus changes to the rhythm of the accessory stimulation (Figs, 50. 
and 51 ). 

In the investli^tions of Buslnov the electrical activity was 
recorded "of the focus of the dominamt", i,e, of the part being 
pplarissed of the motor area of the cortex, but no special changes 
mvB discovered there. On the other hand, in these works no 
explanation is given to this, in what l»y the anode of c<®stant current 
leads to the arising of a focus of heightened excitability. 

It is necessary to th^ that during applimion t^ 
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Of corteaE of m of ocawtot oteoat at a certain low of its 
j^iodic polarlaatioiB of aleaigats of tJie siirfaeio^ 1^ of 
the cortexj namely of th© top deadritee of the pyramid neTOss, must 
ocOTI at this time their bodies and axons should be in a state 
of cateleetrotmus, a^dring and O^Leary (1951) came to a like 
conclnsioG* Intirely deaoastratlTe in this respect are the data of 
Bums, obtained in experiments vith isolated strip of cortex: when 
the anode was placed on the surface of the ccs?tex, switching on of 
the current caiiaed rhythadiatl excitation of the neuronic eleuents of 
%lm deep layers of the cortex*, fhe ssm effect was obtained if a 
cathode was added to the Mcroeleotrode inserted into layers V and 
?X of the cortex (coagoare textpagee 56^57). (^iag current Intent 
sitiea of greater than 600 aieroA. the phenosKsnon ©f slow-^spreading 
depression arose. It is characteristic that la the ©xperiiaKits of 
lusinov and coworkers the focus of hsi^tened excitability arose at 
a current intensity of 0,5 v. | at Incmse of the intensity above 
3 V. the '^pessimal” (worst) tffecti as they expressed it^ set in. ) 

If at tdie time of subthreshold (in the sense of provo<»tion of 
rhythmical excitation) anodisation of tdie surface of the cortex a 


Shock of elecWcal stlaulatioa was appliedi then rhythmical activity 
of the cortical neurons arose that lasted as long as the polarisation 
oMtlnued {Bums , 105 h V. 
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iim pyraiaid aeinroas i&ea tlaeir Tjodies ar*© iix a state of 
oateledtrotomie iposseas ]bai||).teBed exoita'biXity aM begia to be 
excited rtiytbnd.c Howeirer, the very saaie thiag occurs with 
cortical aeuroas under the influence of a nuiiiber of comparatively 
frethent impuleoB of esicitation, and certainly In natural conditlona 
the focus of heiipitened ©xeltahility is created in this last my, 

As m have seen, tetanic stianalation of the surface of the 
cortex after several seconds of action begins to excite a certain 
coB^lex of intracortical neurons j infrequent stimulations of another 
distant point of the cortex are not capable of provoking the 
excitation of this complex of neurons by any continuance of their 
action, !I^U8, the first stimulation causes excitation of the ’’center" 
in question, the second sttoulatloa, the "indifferent”, is not 
appreciably reflected in the state of the given center. At union 
of these same tiro stimulations after a certain time the "indifferent” 
stimulus becomes effectives its rhythm stipulates the rhythm of 
exel’tetitm of the given ccsg^lex of neurons | at cessation of tetanisation 
the stiiaulatioa tot earlier uas lndiffer®at is capable for a long 
tto| msasured in ton of seconds and ev^ in minutesi of causing a 
most energetic excitation of a given complex of neurons. Our "indifferent" 
stimulation, infrequent stlmeulattQn of any point of to surface of to 
Cortex, causes activity tot spills widely over to cortexi to 
excitaticm mainly along to system of associative fibers of layer I 
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the oortex^ froSueiog regional exoitation of tihe 
marcmle elemeiite of enrfaoe oortieal la^ners, l^tanlc 
atiamlatioii of aBy 3 ?olat of t^e cortex or of the irtilte matter 
groducea a limited fociis of energetic rhythmical activity. It 
is poseihle to thiish that iglmn exoltation of the entire ^is^lex 
of cortical setirons occnrs^ then in certain cases the activity does 
not spread throui^a the cortex hat Is limited to a given focas? 
the process of inhihitlon localises this fooas. Hosf the vaves 
of excitation froa oar "indifferent” stlMilation are capable of 
ceasing and stipporting most ener^tic activity of the given focus, 
this stiawlatioa ceases in regard to the given "center" to he 
indifferent. 

As tSthtoiflSkii said, dominsmt plays the role of the key 
to clarlf leation of the jaschanlsm of the temporary eozmectim 
(Hkhtoa^ii, I9g!4). tEhere is no douht that at the base of the 
fotmation of tess^ry ccmnections^U^ the arising of foci of 
excitation or of foci of hei^tened excitability in the cerebral 
cortex (BsiSov, I904j see also 19G8«*1909 i 1909# ani l9iS). ^oretical 
consideration of the mechanism of the of t^iporal ecmnections 

made by Beritov is based as a idiole on examiiaitiEn of the interacts 
of the foci of excitation in regard to the foci of heightened 
excll»blllty in the cerebral cor^x (leritov, 1922, 1^, 3^^, 1SA8, 
Wi}^ 
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fb^wmm oMoanr«d la m 

finally te from a of coaaoctim. (footaotoj 

CioaiiAitimjiet mtl&m cm laa lafodsood ta coaSitioafl of iagoaloui 

oa aarcotlssed, tlo 4 mimls {Kom^p 195^1 Starllag aa 4 
Miller I l^), iKm^weotisied aalmls the cosaitloaed roflem I0 

^sily iTOloped at coi^totioK of z(m& stianjlatlm dtreet 
eleotrical etissulatlcm of the motor area of the cortex (Sriaaheyi 
193^) and cam he formed at ccmiblmiioa of electrical etiimilatioae 
of tro corblcal areae (Uvaaw, 19 ^ 7 ) Ko^m, 1951). meee facts 
s|)eal in fairor of the eoafiliuBioja that the foymtloi of coiiaitlo^ 

Is m elemeatary^ readily oondltl^d process aad ttot 
their coB^Jlexlly does not mmiMt la the ltttrica<^ of the mmnim 
of their fcamtioaa (l^irlor> 1913a# 191 ?)* Bence# fiaally# it follows 
tl»t tea^Kjrary conmetloas cm he fonaed in the coE^itioi» 
oaciUogmphic experliMts, teiag «hlch there nm assoclatioa of 
muy nsfavomhle C€^lti« tU ykhtoiigkii said# m Mtioed 
domtoat is a conditlcsi fear arising of a tesi^rary f nactie^aal 
COTjecticti after strengthening this connection it htcomes a result 
of it| i,e, has heen realised np to now dnring the effect of 
tf© factorsj the mcoaditional and the indifferent etijiulstioss (in 
case of the prodnetion of 1 eoadltloaed reflex) now is accoa^Xi^ 
li^r the influence of Jiist one fnetor# the eimaditi*! stiMiiatioa# 
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moh U no longer eeleotlwl? tHe foems of 

the fawer doalaant (mtorokil, 1986). CertaMjr at the haae of 
the i^tlon ana StresgOwnlng of the te«®o*ary conneetlone Ite 
aemte Bor^legloal ehanges of the BeutMiio el^ts, prohahly 
In the s^re of the ajnastte eadlaga (Jatlov, 1928, 1925j HeritOT, 
1926,: 1932)* 


,7 
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|3?^Hu6siaa, for Dr* tfedo I* Itorsfeall 


Chapter If 

Bioeleetrioal Foteatlals Arising la to Cerebral 
Gorto at Peripheral Stiamlatlons 

Honaeliy' to cerebral cortex ooiisb into an active state under 
to influence of afferent iapulses tot arise as to result of outer 
and inner stimulaticsis falling on to reoeptors, Conseq[u©atly, study 
of bioeleetrical pheiK)i!te running high to cortex in response to 
8 de|iate stimLetloas of to receptorsi as well as in response to 
stiiaitotions of to corresponding sensory nervesj offers special 
interest* 

leyertheless^ investigations were conducted in this direction 
In to pre-oscillograpMc era, tot were often carried out at a hi^ 
level in all respects except intensification of tenlmltue and recording 
of cortical biocurrents* Hany of to facts obtained at tot tin© have 
not lost toir Ifi^ortance evbn now* to experiiaents were mde on 
mrcotized animals, on aniiaals »de iaraobile with curare, and on non- 
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aalBftls. !f|ye cortical biocweats iiere discliarpd 
bipoljwlse in tba laajority of cases, toy were also deflected 
laonopolarir^e (toiao?, 1899 ). Ctnrtical biocnrrents were studied 
ton to discharge electrodes were placed' on to surface of to 
eacposed cortex, oa to dura mter, and on to ca^nial hones (flelschl 
TOlferxow, 1890; Bravdich-Semlnskil, I913). 

Oreot precautions were undertaken for avoidance of artefacts; 
in particular, it was ascertained totor to hloelectrical phenonieBa 
ohserred at toporary association with heart and respiratory activity 
were fo^ {Vvedenskii, 1884 ). It was found tot it is, very easy 
to obtain aj^afacts in experiiaents on aaiaals not rendered iiBHaohile 
(Pravdich-IeiBlnskil, 1925 ). Iteny of to siethods used in this respect 
were afterwards omitted, and a nuMher of electrophysiologists at to 
pj^tteat time have admitted errors from lasthod in tolr investigations 
(see Boithak and tochinashvili, 1952), 

A survey will he presented below of to data obtained at this 
during investigation of bioeleetrical phenoiBBna in to cerebral 

corte* arlaing toef to taf luence of peritoral stl^ 

taton (1875) and ^ndlevskll {1876) discovered tot during to 
action of extemsi stinaiil hloelectrical reactions arise in the cereheal 
cortex. It was estahlished at that time that electrical reacti<nis 
of to ccatex disappear diarlag^ d^^^ narcosis (lleischl, l890j Danilevskll, 
1891), and it was shown a nutor of experiments that these reactions 
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refXeet a procesa of exoltatioa of the corticeX nom eleiueats 


(Kaufsaa, l^vdich-Ifeaiiai^il; 19 X 3 ). It me ascertained that 


discing the aotim of otater stiaultis electrical reaction arises only 


in a certain prt of the cortex, for instance at stiiflulattm of the 


Cntaneons nerves (they arise) in the anterior part of the cortex and 
at eye exposure (they arise) In Ihe occipital part of the cortex. 

Other areas of the cortex during IMs mmln inactive (Danilevskil, 
I89IJ Beck, l^). In answ to unilateral stljsmlation, bioelectrieal 


reaction arose in the majority of cases In the opposite hemisphere 


(Danilevskli, I891), ^ivus (1900) observed la noa-narcotized dogs, 


during stliaulations of the eye nlth llg^ht, bioelectrical effects in 


the occipital region; but soaetimes they were observed too in other 


regions, for instance in the temporal (vhlch he explained by the 
arising of associations). 


Bioelectrical effects in the cortex uere discovered during 
optical stimulations (Banilevskii, 1876, 1891 ; Fleischl, 189O; Beck, 

I89O; 1 !rivu 8 , 1900, and Khufman, I912) and voimd stimulations (Baailevskii; 
larionov, I899); and during electrical stimulation of the sciatic nerve 
(Beck, 1890; Banilevskii, X 89 l; Kaufmn, 19 ia; Bravdich-^Seminskii, 1913, 
1^5) of the vagus nerve, at the stimulation of ilbieh reaction arose 
in the front lobe of the cortex (Banilevskii, I891)* Bering pain 


stimulations of the trunk and during active and passive movements of 
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th© extreiaiti ©0 no definite effects at all wr© observed in the cortex> 
particularly in the cortical motor areas. (Footnote: It is interesting 
that Banilevskii (189I) tindertook eaEperiments by sinking the discharge 
electrodes (glass tubes) top under the cortex into the idilte jaatter ^ 
and into the subcortical nucleus. At perij^ral stifflulations he observed 
electrical reactions similar to those idiich arose in the cortex. Only 
now is it possible to estimate the importance of this observation. ) 

Banilevskii spc^ of cortical lobes in which bioelectrical 
reactions arise at stlplation of the comsponding receptors or nerves, 
Larionov (I899) on the basis of his galvanomstric experiments cams to 
a eonclusitm on fine localization within the limits of the auditory 
region and on representation in the temporal convolutitsas of the 
various parts of the organ of Corti. 

Irivus observed in experiments on non-narcotized dogs that, 
at cessation of short*term (90 sec. ) exposure of the eye to light, 
bioelectrical reacticm of lile cortex continued to two minutes, 
idilch indicates, in his oplni<m, characteristics of cortical activity 
that remain for a loog time after relatively simt stimulatlm, 

Tvedenskii (l8S4), using the teieplixme, listened to periodical 
rolls from the cerebral cortex of rabbit and dog, idiich he designated 
as fie excitation expression of the central farastions. At stimulaticai 
of the sciatic nerve these rc^ls disappeared, l,e. evidently Vvedeaskil 
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dbser^ tlie piheaofflenoii of oppreseioa of '’spmtaneous” elocttical 
activity of the cerehral cortex at stimulation of the sensory nerve. 
Kiauftoa ( 1912 ) liheid.se fotmd that stimulation of the nerves 

depresses ^spontaneous” activity of the cortex, fhls occurred 

particularly In his experiments at stimulation of the vagus nerve* 

Great in^oirfcance ms attached to the sip of the potentials 
ohserved. Panilevskii {169I) at stimulation of one or another 
sensory organ ohserved the arising of negative or positive 
fluctuations in certain parts of the cortex. le proposed that 
the difference of sign ml^t depend on the location of the electrodes 
and/or of a different physiological state of the cortex. Wvus in 
experiments on non-mrcotlzed dogs ohserved that at peripheral 
stimulations in the cortex in complex effect arlsesj a negative 
fluctuation Tilth a small positive one preceding it. He made the 
assumption that simple effects in the fora of purely positive 
fluctuations are obtained in con 8 ©g.«»»c« 0^ ^ falling out of the 
negative fluctuation. Gonse^juentlyi attempts ifer© made to analyse 
the separate como^snents of potentials registered, hut the 
solution of th-ts problem hecams possible only after using hO(^ters 
and oscillographs. 

Pmvdlch-IeminBMi was the first to describe by means of a 
st^ng galvanometer the electrical flucttmtltnis generated by 1^0 
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cortex. Se carried out the experiments on tracheotomized 
curarized dogsj one discharge electrode uas placed on the frontal, 
the second on the occipital part of the cortex. As Imoftfn, he 
described the characteristic rhytot of "spontaneous*’ Moelectrical 
fluctuations of the cortex and at stiioulation of the sciatic nerve 
he recorded characteristic bipelectrical effects arising at solitary 
and tetanic stlmulstions of the nerve, !I!hese effects consisted 
of the arising of tifo^pbaBe fluctuations. At first a negative, then 
a positive phase arosej effect foraed vith a latent period of 
75 milliseconds and more, fhe second positive phase uas of grater 
length and aii^^litude, The negative might be Inching, during 
the interval betireen solitary Btimulatl<n», less than 2 seconds, 
the second effect proved hi^^y attenuated. Tetanic stinwlations 
gave a picture close to that which was observed from one shock of 
etimulati<m, but sometimes lere coB^lex effects arose (l^ravdich- 
Kaminskil, 1913 # 19^5). 

On the basis of the data obtained In works devoted to the study 
of bioelectrloal phenomena in the central nervous system, two important 
theoretical aspects were apparent : 1. A study of electrical phenomena 
in the cerebrum gives an opportunity to investigate thc^e obdective 
material processes which are substrate to psychic phencaaens (Uanilevskil, 
PravdlCh^lfeislaakii). 8. The galvanometric method can serve for a study 
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til© of locallzatioa of the areas of pereeptioa of the 

corbex (Behhterevi tekhaaov, I«arlcmoV| aiaa W 

Btoct Btolectrleal of the Oerehral Cortex 

to Peripheral Stlaialatloasj Prlraary Kesponses 
Aeoordiag to ooateaporary oscillographic data obtained aaialy in 
oonditlons. of pointed eacperliB^tB at stiaalsticai of the receptors or of 
the seaso3?y nerres from the surface of the cerebral cortex a characteristic 
bloeleotrical reaction Is registered. In answer to single stimalatltsi 
of the receptors (sound shock, flash of light, touching the skin, etc, ) 
or in response to stimulation of a sensory nerve by one brief Ij^ulse 
of electrical current with a latent period the duration of which depends 
on different causes, a positive fluctuation of a potential 7-I5 
milliseconds and more in length arises, Dwlng deep narcosis reacticai 
is limited to peripheral stiamlatlon with the arising of this positive 
slow fluctuation of biopotential, the amplitude of which at intensification 
of stliauiatloa is increased to a certain limit* 

At shallow narcosis in response to peripheral irritation a more 
coB^lex bioelectrical motion arises r after the positive slow potential 
the negative arises, after idilch a nuBfeer of additional fluctuations 
can follow, positive or negative. 

With regard to the origin of the separate c«ia?onents of the 
"primary responses’’, there is a Whole series of opinions, often 
cont 3 !«dictQry, whidi will be considered lateri 
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At tine preseBt %im It Ib )mm that ’’priiary raspoases” arise 
in the eortex at stiBMlatioa of peri^eral portions of the following 
analysors, 

1) Optical, teing adetwate stiaaL^ 

Mhot^ and Ades/ I9i|*3, et al, ) and at electrical stiBiulatlons of the 
optic nerve (Otory and Bishc^, l93Si Marshall, 19^; Chang and Kaada, 
1950, et al.) primary responses were registered only in the optic area 
of the cortexj in cat they were registered from the gyms lateralis 
and from the rear pole of the gyrus suprasylvius. 

2) Acoustic, iharing adeq.t»te stimulations of the organ of 

eortl (Bremer and Bow, 19391 Qsrehuai, 19^0| Breier, 19^3; 1952; Ades, 
1943; Artem’ev, I95I, et al.), at electrical stimulation of the acoustic 
nerve (Ades and Broddiart, 1950; Chang, 1951ti, 1953® )> electrical 

stimulation of the organ of Corti (tPunturl, 194^) primary responses were 
registered in the auditory area of the cortex; In cat they were registered 
in. the area of the gyr* ectosylvius med. and ant. and the gyr. sylvius, 

as well as in a small area of the gyr. suprasylvius ant. 

3) Cutaneous. At stimulation, adett»te or electrical, of the 
cutaneous receptors (Adrian, 1941, 194?; Ifershall, Woolsey and Bard, 

1941; Scherr^ and Oeconoaos, 1954), and at stimulatioa of the compoinid 
and cutaneous nerves (Bartley imd Heinbeeker , 1933; Marshall, 1941; 
MarshaU ai^ cowo3*ers, 1941; Boithak, 1953^; Cragg, 1954) primary 
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re0|>Q£ise& i^re regiatered ia tba area of the gjrr, post, 

aiid ia the adjolniiag parte of gyr. eupraeylTlus and gyr. ectosylvias, 
loveWi in erperiiosats cm stcmheys at stliuXatim of the cataneons 


region vhere they set in vlth a soae^t greater latent period. !fhey 
continued to be registered in the precentral region after reaio-val 
of the postc^tral area on both sides, resioml of the cerebellm, 
and the removal of tlas precentral area of the other hemisphere, toe, 
the possibility has been excluded of thinking that the effect arising 
in the precentral area is secondary, stipulated particularly by 
prelimlaary excitation of the elements of the postcentral area (Malls, 
Friloaa, and Krtger, 1953 f see also Gardner and Morin, 1953 ). 

4 ) Yestibular. Primary responses to electrical stimulations of 
the vestibular nerve are registered in cats, according to Shechinashvlli 
{1952, 1953), in the re^(m of the gyr. eetosylvlus med. and post, and 
of the gyr. sylvius ant.j according to Kempinsky 's data (19$1) and the 
data of Mickle and Ades (I952), they are registered from the gyr. 
su^sylvlus ant, and frcm the adjoining part of the gyr. ectosylvius 
ant. 

5) Motor, Primary responses arise in the cortex at stimulation 
of the sensory nerves that proceed from the muscles and doiats^ for 
instance from the nerves of the m. soleus, the lateral and medial heads 
of the m. gastrocnemius, m. flexor digitorm longus, and the nerve 



bmches of the sciatic nerve primary responses vere registered not 
only in the area behind the central groove but also in the precentral 
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the khee (Oartor Hoer, 1952J and Haddad, 1953). 

la eKpei-inents on eats at stHaJatlon of these nerves effects arose in 
the «we areas of tte cortex in which effects arose at stinuiation of 
the cutaneoas nerves of the hind extrenlty, i.e. in the «?per jart of the 
gyr. sl 9 »ldeu 8 post, (in so-called field I of the general sensitivity) 
and in the region of the gyr. snprasylvlus ant. and gyr. ectosylvins 
ant. (in the so-oaUed field H of the general sensitivity). 5he effects 
arose in both henispheres, but they vere far note intense in the 
sontralateral heaisphere. Analogous results vere obtained at stlBulation 
of the posterior columns of «« spinal cord and of their nuclei in the 
^ulla oblongata, as veU as during the twltchings of the separate 
nancies produced by their electrical stimulation (Mickle and Ades, 195S). 
in e^erinsmts on oats no atte>kPt vas »«de to discharge primary responses 
at muscle- Joint stimulations from cortical areas found anterior to the 
cross-shaped sulcus. In monkeys at stimulation of the nerves proceeding 
from Busnles and Joints direct bioeleotrical effects vere registered in 
those areas where effects were registered at stimalntltffls of cutaneous 
nerres, i.e. in the poateriOT and anterior central convolutions of both 
hemlsjteres (Malls, Pribram, and Kruger, 1953J Oardner and Morin, 1953). 

6 ) Olfactory. At electrical stimulation of the olfactory nerve 
and the olfactory bulb (KSada, 1951, et «i.) ^ect bioeleotrical effects 
registered in certain parts of the basal and medial surface of the 

cortex* 
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7) ! 08 i 0 te. At eleetrieal ©tiawlatlcai of tlie ciiorda tppani 
In cat priaary resiionaea ver® Registered from, a small zone, an 
ar^ 5-10 ma In size, on tfee orbital surface of the cortex anterlcnr 
to the area of the cutaneous projection of the face* Ihis zone over- 
laps the zone of the tactile representation of the tongi^ {Perron 
and Aiassiah, 1952). !Kjese osclllogrepMc data confirm the opM 

of Bekhterev on this, that in the cortex the area of taste perception 
mist be foimd there where the motor parts of swallowing and chewing lie, 
and they also confirm the results of a study of war injuries and of 
experiments on mcnkeys, according to ^ch the taste area overlaps 
prt of the general sensitivity of the tongue (s^ Berltov, 19^). 

8) Yisceral, At electrical stimulation of Idhe n. splanchnicus in 
cat priia&ry responses were registered in two regions, in the gyr. 
sigffloldeus post* and in the anterior part of the gyr. ectosyXvlus ant. 
i.e. In fields I and II of the cutaneous projection region at the edge 
Of portions of the front and rear paw (Amassian, 1951)* Bownman (1951) 
localizes the second area, where primary responses are deflected at 
stimulation of the n. splanchnicus, in l^e region of the lower part 

of the cutaneous representation of the face, It should be noted that 
OB the basis of experiments with stimulation of the exposed cortex 
Basmussen and Fenfield (1947) find that in man the cortical field 
connected with the sensation of the organs of the abdominal cavity is 
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located at the lower end of the cutaneous projectloa region. At 
lechanlcal stiisulation of the latestines and stomch of rahbit an 
arising of hioelectrical reactions was observed in the posterior 
portion of field 8 , the anterior pariental, the postcentrali the 
orbital, and the retrosplenlol regions of the cortex (Usltsa, 

I9hl). 

At stimulation of the vagus nerve Intensification of electrical 
activity in the orbital region of tJae cerebral cortex of cat (Bailey 
and Bremer, I938) was ascertained, l.e. the results of oscillographic 
experiments confirmed the fact establi^ed by Benilevskli in I891 
(see above). 

fhm, at stimulation of the peripheral end of any analysor 
in the cerebral cortex a characteristic bioelectrical reaction (priuEry 
response) arises. In other words, during different peripheral 
stimulations of the surface of the cortex effects similar in character 
a^ discharged. The Identical character of the cortical bloelectrlcal 
reactim in response to afferent impulses laost diverse in origin 
indicates the Identical method of termination of all afferent fibers 
in the cortex. 

Brimary responses to stimulation of receptors according to their 
tejE>oral course and form differ scsaeidjat from responses provoked by 
stii^lsti^ of the corresponding nerves. This is explained finally by 


wsaw 'Sfw* „ , was*- 
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f&ot mt there proceed in the central nervous system dlsGhargeB 
of afferent ia^ulsas different in character. It is known, for emnple, 
that a discharge of lapulses arising at stretching a tendon, i.e. 
a apst synchronous discharge of impulses fi^oa natural stimulation, 
is much less synchronous than a discharge at electrical stimulation 
of a nerve (Barron and ^tthews, l^S^)* 

At a fretnency of peripheral stimulations of 1-50 per second, 
particularly of shocks of soimd, ’'primary responses" foUow the 
rhythm of to stimulation. In connection with increase of freqiuency 
of stimulation, reduction of armplitude and change in the character 
of responses are oh8®Pved. During the effect of musical tones a 
hioelectrical potential arises first in the auditory prodeotios 
region, similar to “tot which is provoked hy one sound shock, and 
then, during the continuing effect of the tone, intensified rhythm 
is observed of %ui^ fluctuations (Bremer, 19^3), ^ formatlcm 
is observed of slow potentials rhythmically following one another 
(fuaturi, 19^9)- 

(legend to fig. 55, textpage 139^ A - convolutions of the 
dorso-lateral cerebral surface of cat. 1 splenialis, g •* 
sigmoidalls (cruclatus) ant., 3 - sigooldalis (cruclatus) post., 
k - cor<^lis, 5 - suprasylvius med., 6 - suprasyXvius ant., 7 * 
suprasylvius post., 8 * ectosylvtus MBd,, 9 * eotosylvius ant., 
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10 - ectosjrlvlus post., H * syWus ant,^ 18 • sylvias post., 13 • 
orbitallB (aoeordlsg to ISm Atlss of tbs Ceretm ^ Man ana of 

of the Instltiate of the Brain, M(oscow), 1937, according 
to Khada, 1951). B - Loealisatlw of Tlaual (I- top center and II- 
top rl^t), aucUtory (I-oenter and H-loeor rl^t), and cutaneous 
(I-upper and H-lower left) of the projection regiens of the cerebral 
eortes of cat, detenained « the basis of osciUograitoio data (Bose 
and WoBlsey, 1949). C - Beglon of Cerebral eortes of oat frem Which 
hloelectrlcal potentials are registered at stimulation of the pyra- 
midal pathways} by meshing tdie portions are noted in which potentials 
of greatest amplitude arise (Woolsey and Chang, 1948). B - Eeglons of 
■tiie eortes, in iMch primary responses arise at stimulatloa of the 
n. splanchnicuB (hatched) and of ttie chorda tyii®ant (dotted) (according 
to AsBBslaa, 1991} Bownman, 1^1 i Patton and Amasslan, 1958).) 

In Fig. 55 maps are presented of the cerebral eortes of cat} 
certain projection areas are plotted on them, determined on the 
basis of oscillographic esperimants (B and B - the two at the right). 
3Sie area of the eortes fr« Which bioeleotrieal effects are registered 
at stlawlatlon of the pathsiays, i.e, at antidromic eseltatlon 

of the neurons that produce a beginning to pyramidal pathways, is 
presented separately. In other words, Pig» 55 C 
the ccrtleal territory idiere the amin mnes of pyramidal neurons is 








-a6s- 


fotmd| the asMs of iMch take part in the formtioa of the p^sddal 
pathways. As seen, this territory occnplee a region of the cortex 
anterior to “to crosswise snlcms, as well as the region of the 
cataneoui-Miscniar projeotion. Belas cells are arranged wst closely 
in the region anterior to the gyr. cruciatus, as well as in the 
region of the gyr. ectosylTlus ant. (S smd 9) (i*c. in the region of 
the so-called field II of general senjsiti^ty). (See also Irance 
and inning, 195 ^, and Porter, 1955 * ) 

It is known that stiamlation of different parts of the aiotor 
region of the cortex in aniaal provokes movement of the different 
prts of the body? the upper part of the motor region of the cortex 
is linked throni^ segia^t ^ Spinal cord with the miscles 

of the rear extremities, the middle part is linked with the mnscles 
of the front extremities , and the lowest part with muscles of the 
male and heed, l«e« the Betz cells, connected with muscles of 
different parts of the body, are^arran^ in a certain order along 
the strips of cortex. It is known that relationships likewise 
exist between points of the cortex aiKl points of the surface of 
skin: j^ulses from the skin cm the muzzle and head lead to 
the lower parts, itm the skin on the front extremities to the middle 
parts, and fr^ the skin on the hind extremities to the upper parts of 
the cutaneous projection region of the cortex. iMs was ascertained 
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m tbe baets of a atiidy of activity of the corfcex by a method 
of oouditiooed reflexes (see Pavlov, 1926 ), of an amlysis of the 
syi^toms of local brain injury In people (see Adrian, 19^7)# of 
experiments vlth local strychnine poisoning of the cortex (see 
Beritov, and finally of the results of direct electrical 

stimiulation of the ceai^ebral cortex in people at the time of dis- 
section of the brain tmder local anesthesia in connection ndth 
epilepsy (Penfield and Basraassen, 1950). fhe method of oscillographic 
registration of indirect bioelectrical effects provoked by peripheral 
stiiaalation gave an opportimity to clarify this ^t^stioa extremely 
aecnrately. Contact vith seveml fibers in cat canses at a corres- 
ponding point of the cortex a primary response of snfficlent 
amplitude to be rei^stered, and thus it Is possible to transpose 
all points of the cutaneous surface to the cerebiw, l.e« to 
establish projection In the cortex of the cutaneous receptors (Jig. 

56 , textpage 140 j Cutaneous projection regim in the cerebral cortex 
of cab, ascertained by the osciliographlc method In experiments on 
mrcotia^ fimimals^ (According to Adrian, 19^1)). It vas found 
that in addition to the classical cutaneous projection reglcm (field 
X of general s^itlvlty) there is a suppleumtary region (field II), 
tdiefe ■Qje perceptive portions of the different parts of the body 
overlap one another (yig^ 55, B), It uaa also fotmd that the territory 
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Of oGTtlcal projection of a glm part of the body depends on the role 
vhich in the coiirfle of evolution tMe part of the body has acq,uiied in 
the animl in pestion. For exang^le, In monkey the cortical territory 
of ^ upper extremity is larger than the territory of the entire trunki 
in* pig (probably guinea pig is meant) the cortical territory correspond- 
ing to the projection of the skin of the muzzle is greater than the 
territory of projection of all the rest of the body (Adrian, 1947). 

The perceptual region for muscle- joint stiaulat ions overlaps to 
a considerable measure the cutaneous perceptual regloh. In the cortex 
there Is a projection of the muscle- joint receptors siiailar to the 
cutaneous projection. This tms established by Krasnogcn’skii by me^ns 
of a method of conditioned reflexes and this has been confirmed by 
the latest oscillographic investlgationa (Malls and coworkers, I 953 ). 

With regard to the organization of the auditory projection 
te^itory of the cortex following is known. As said, Larionov, 
on the basis of experiments with partial extirpaticais of the tea^poral 
lobe of the cortex in dog and on the Msis of a study of the bioelectrical 
reaetloas arising here at sound stimulations, tried to demonstrate that 
various muafcal tcaies are perceived by different parts of the cortex and 
that these cortical parts are located in a certain order according to 
the height of the tones perceived by them. Furthermore, at study of the 
phencaaenoa of extinction of conditioned auditory reflexes It was concluded 
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thal in cerebral eort«x ef dog there is projectloa of the orgaa of 
Corfcl (Ivaaov-Brat^aiskii, 192^). timtyri, using the laethod of 
osclUogra^c registratioa of prlmry responBes, found that in 
dog the territory of. the gyr. eetosylvius aed. (repres^ting almost 
the saws long strip of cortex as the strip of the cutanet^s projection 
territory) is linked with different parts of the meiabr. basilaris 
in such way that the high tones (8000-16,000 hertz) provoke prlmry 
responses in the anterior part of the convolution, the lower tones 
(100400 hertz) proviso them In the posterior part, successive 
octaves being rej^reeented in the cortex by S-milllmeter seGtions 
of the convolution (funturl, 19^^), During the effect of a given 
tone a focus of hipest bioelectrical activity arises, surrounded 
by territory from which potentials of lesser amplitude are registered, 
furthermore, tore are additional territories? in the gyr/ eetosylvius 
ant. bioelectrical reactions arise only in response to Icswer somd, 
and in the gyr, eetosylvius jpost. reactions arise in response to 
all Bomds, but only during their greater Intensity, and localization 
of sotaads Is lacking here (ifunturi, 1950). 

In experiments with conditioned reflexes it was found that 
at the effect of a BBislcal tone excitation seizes the territ?^ of 
the sotaod analyse*' 3 octaves above and 1.5 octaves below to tone 
being tested (Andreev aM Hatli, 1930). At coapirisoa with oscillogmiMc 
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data, it can ba concluded that in the ggrrus ectosylvina med, nenai^nic 
elemeata coiae into excitati<m for a part about 9 nan, in length and that^ 
according to the weesiire of withdrawal from the focus of greatest 
activity, an ever smaller number of excited elements appear* 

In cats there has been success in establishing localizations 
of tones within the auditory territory: its various pcnrtlons react 
identically to different tones, it being la^sslble to explain this 
phencHaenon by irradiation of the excitation to the whole auditory 
territory at excitation of any part of It (Bremer, 19lj.3), At further 
investigation of this problem It was successfully discovered only 
tl^t the lower and anterlcnr parts of the auditory territory i^rceiv© 
tones lower than the upper and posterior parts do (Hind, 1953). At 
investigation of the biopotentials of the auditory cortex of cat by 
means of microelectrodes it has been shown that the separate cell in 
question from Ihe auditory territoi^ gives maxlml discharge at the 
effect of a certain tone and gives a lesser effect in response to 
ad^cent t(naeB, In the latter case the discharge sets in with a 
greater latent period and contains a smaller number of ia^julees 
(Ihomas, 195 ^)* fhus, it Is necessary to assume that in cat in the 
auditory territory there is no strict localization of neurons in the 
sense of a lineal arrangement corresponding to the sound scale and 
that neurons perceiving the different tones are intermixed with one 
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aaQtiisr, At tfee affect of a certain tone aflinly excitation occurs 
of certain neurons moh oxe excited in response to the effect of 
adjacent tones Vlth lesser intensity, and in response to tbe effect 
of distant tones no excitation at aU is prowhed, (See also Varies 
and covorKers, 19^). 

acre '^ecise detenainatlon aside recently of the territory 
of the discharge of "primry responses” to sound stiisuli hate shown 
that the area of the sound projection territory in cat is considerably 
greater than this was at first estahllshedj the territory ascertained 
by Bresier Includes the gsnfus ectosyltius med# ^ the adjacent parts 
of the ^us ectosyltius ant, and gyrus syltlus. ®ie territory 
established by Mickle and Adas (1953) embrances the anterior, middle, 
and, in part, the posterior ectosyltius contolutlonsi the entire 
gynis syltius, and the lower part of the gyr, suprasyltius ant. (Perl 

easby, 1954, en^loying an unustial method of dsflsctlcm of biopotentlaXs, 
came to the conclusion that the area of the auditory territory of cat 
Is considerably smaller, ) Potentials of the greatest au^itude were 
discharged from the territory established by Bremer) from additional 
territories potentials of considerably lesser amplitude and of a 
someidiat different character were dischsi^ged. In moi&eys Pribram and 
GcmTk&TB ( 1954 ) likewise dl8Covea?ed that the territory of deflection 

of primary responses to sound stimulations was considerably greater 
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tlma IMS mB established earlier and embraces the temporal and parietal 
territories of the cortex as a Tdiole. lowfew, potentials of the 
greatest amplitude were discharged from the area established earlier 
and ctuite triable effects of lesser au^liti;^ were ascharged from 
additional territories, 

!l?hus, oscillographic data obtained at study of a sound analyser 
in cat confirm Pavlovas conelusioai»that the number of perceptual 
neurons is greatest at the center of the analyser and constantly 
decreases in the measure of removal from center to periphery, 

la cat from the portim of the cortex In the territory of the 
lower parts of the gyr. ectosylvtue ant, and gyr, suprasylvius ant. direct 
bioeiectrical reactions are discharged In response to vestibular, sound, 
and proprioceptive stimolatioas (Mickle and Ades, 1952). However, this 
same portion produces primary respimses also to sttiulatioa of any 
portion of the skin, since here part of field II is found of the 
cutaneous projection territory. It is possible also to conclude that 
this portion is excited first even at stimulation of the n. splancimieus, 
since the second projection stone for -aie fibers of this nerve is found 
in the region of the cortex* to, in cat in the cortical region being 
cca^idered sound, vestibulcur, proprioceptive, and cutaneous receptors 
are represmted and perhaps liie receptors of the internal organs, 

Bvidfintly this circumstance has a certain physiological importance. 




.'Si*** 
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(ferl aad Casljy (195^) ale© observed tlie arielag of |»lwry respoaises 
|o soimd dkoQks in a porticai of field II of the gemral seseltivity* 

Shey looted the fact of the reciprocity of these poteatlals aud of 
poteatials produced here et atlamlatlon of the contralateral sciatic 
nerve, ) It is intereetirig to note that in this territory very densely 
arranged pyraiaidal neuror® prqdtice the hegianlsg to the pyramidal 
patlnjays, 

Becently In the cerebral cortex of cat several of the portions 
vere oseillographically determined in tMch In respemse to peripheral 
stimulations definite bioelectrical potentials arise in oonsetueace of 
the tranmissim here of ispilses of excitation from the initially excited 
territories of the cortex, saamely from the atidltory projection territory 
to the loser part of the posterior eotosylvius convolution (ides, 19 ii* 3 i 
Bremer, 195S)f f^oa the optical and auditory projection territories 
t© the portion of the cortex vlthin the suprasylvius fissure (liarshall 
and co»orkers, 1^3^ Glare and Bishop, 1994), from the cutaneous optic, 
and auditory projection territories to the anterior part of the lateral 
ccaivolutiQn (Amasslan, 1954), finally, there are data that in the 
portion of the cortex behind the gyrus elgnoideus postt registered 
very irregular effects at stimulation of the n, splanchnious (l^man, 
19 ^). Qa the basis of siq^rimsats lilth cross sections of cortex it 
is possible to conclude that transmlselon of excitation from the 
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jirojeotioa tenrltorles to other parts of -tbs cortex is realised "both 
by lasaas of a system of fibers that proceed la tbe cortex aad by 
meais of associatioa fibers proeeediag is tbe ^te aatter under the 
cortex (Ades> 19^^31 Brefflsr and coewkers# 19^). Howew, not all 
of the fkcts just cited can be considered ftrialy established, 1!here 
is still no precise kao^ded^ concerning the reciprocity of bioelectrical 
effects. According to lb® data of Miarshall and coworkers (19^3) > 
potentials , that arise la the part of the cortex observed by them at 
the effect of sound and at effect of li#t do not appreciably 
Influence one another, 

2!he pro jecticm territories of the different receptors in the 
cortex, established by means of the oscillographic jaethod, correspond 
to definite cytoarehitectonic fields of the cortex* aiad apparently 
correspond to territories in lidiich, on the basis of ej^periments vith 
a coBpjitmtioa of the method of conditioned reflexes and with 
extirpations of <»ie or another portion of the cortex, the nuclei of 
the cortical anaiysors were localized, (*?leual projection territory 
in lije cortex of cat and rabbit, established on the basis of osoillo- 
gra:^e Investigations, agrees precisely with the territory of the 
cortex Which was designated visual territory in these animals on the 
basis of Borjihologl©!! iave8tigati(»j8 (Oleary 1B^)| 

With regard to the auditoj^ tewitoiy, this g,uestioa still ci^ot be 
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eomidwd clarified. eoand projectioa territory of oat, 
established 08Cillogra|litcaUy by Brenieri comspoKds to a eertala 
cytcarebitectonlQ field (tifejiier, 1^3)* l€»wver, on the other band, 
kis eytoarcMteotoaio field occupies only part of the territory 
•tore Mlekle and Ades (1953) ?®sistered reepOBses^ to sound 

stlBinlati^* toturl's data (1950) vith regard to to site of 
andito 3 ^ proJeotlOB territory in dog Jar from agree «lth to results 
of Mering’s laorphological lavestigatloas {l95S)i according to 
'Puntnri, auditory prodection occupies to posterior, alddle, and, 
in part, to anterior ectosylirius convolutions: according to Ifering, 
it occupies to posterior and middle ectosylviug convolutions, as 
1^11 as to posterior and middle suprasylvius convolutions.) 

In cat at bilateral removal of to auditory projection territories 
no uBirked changes of to sound-conditioned reflexes occur. Hevertoless, 
at removal of parts oj to cortex including, besides aMitory territories 
I aj^ II, to gyr. ectosylvius post, and field XI of gewal sensitivity 
(see Fig. 55), acute derangement of to reflexes coaditlcned to sound 
occurs (Jfeyer and Woolsey, 1952 ). should be noted tot to territory 
of to cortex rfflsoved in this case included exactly tot territory tore 
Ki^le and Adas deflected primary responses to sound. 

After torwocoaplatioB of to auditory projection territories 
in both hemisphes^^s the antoX lost to capacity to be aroused by sound 
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stlBmlatloas, the isflmce of outaaeous stimulatloas 

the aalml aroused liaiediateiy (Biwr lajd 1952). At 

remiiml of cutaneous projectioa territories X and II in cat tbe 
differentiation of cutaneous stlialatlw is greatly disturbed (Zuh^/ . 
19 ^ 1 . 

gfhus, a study of ilie primary cortical responses to peripheral 
etiffiulations acquires special interest, Inasuaach as It pursues the 
aim of clarifying the arrangement and activity processes of the 
analyBors, in uhlch the nerve impulses proceeding €Lmg the afferent 
fito stipulate the arising of depressions ^ere the M^r analysis 
occurs iMch determines the equilibration of the organism with the 
outer aedlM { see Andreev, 1952) • 

We have seen that oscillographic investii^tions have confirmed a 
series of facts established by the mthod of conditioned reflexes. 

Scores of exM^les can be added to thiSj, CM the basis of a 

study of cutaneous coajditloaed ref lexes provoked at spjmetrlcal points 
of the ri#it and left sides of the cutical surface, ByhOv (192^) and 
l^ov and Speranskii (l92ii') concluded that syBBastrically located 
points of both hemlsi^res art sliqply connected with one another in 
a functional respect, M.s is ccaif iraed by Qh oscillographic study 
of this question (Courtis, 1940rehaag, 195Sk concluded that 

the afferent fibers of muscle-tendon s^isatlon teradhate in the precentral 








*^ 3 - 

as 2 d postcanta^il aoi^yoltitioos (Baylovskie spedjir^ I, p. 2^5), M.8 
m& 08 cllI<»graiM(ml^ conflnaed only i^csatly (MUb anfl co^oykoa^s, 
13|3l fiftl'tor and Jforln^ 1^53)* Andreey (1^4)^ at studying coa*- 
dltloned reflexes in dogs witk partially Injured ooclOeas, deaKmstrated 
the accurasgr of Ielaiholtz*s theory. Iknr this has been dejaanstmted m 
the basis of a study of the biocurrents in the Beparate auditcay 
fib^ (fiasakii 1954) and of the cortical biopotentials arising in 
response to stiaHlaticm of the various portions of the taeibr, basilaris 
(fimtnri, 1944). Xeleayi and Eiakoviatklna (1925) deuonstrated that 
the auditory cochlea is connected vith both heaispheres. Ms is 
confirmed by the data of oscillographic Investigations (Bremer; 1943; 
Mickle and Ades, 1952). ( However; in the territory of the gyrus 
suprasylvius ant. a special porticai is observed in which primary 
responses arise only at stimnlation of the contralateral organ of 
Corti (Merlis and honhroso, 1955 ).)* 

fhe agreement of the data obtained by the method of conditioned 
reflexes and at study of bioelectrical idienomena in the cortex does 
not disparage; finally; the ir^tance of oscillography; but only 
confirms the value of this method of investigation. 

The main purpose of the experiments, the results of which will 
be stated below, was clarification of the origin of bioelectrical 
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<»■^«lng In the eortea at iwrlpheral s-tlimilatloas. 

Vartatlone of tests vere used for this, slallsr to those idiioh 
•were used for BlarlflostlOB of origin of the Mopotentlals 
arising et direct stlinaiatioa of the cortex, i.e. changes sere 
studied of the hlopoteatials in connection vith changes of 
frequency, Intensity, and lengli of periitoeral stimulatiohs and 
in connection with strychnine poisoning. Erperlments sere set 
up slth deflection of ttopotentlals from different layers of cortex, 
etc, for interpretation of ■the facts obtained, date sere used on 
■the structure of ‘the cortex and an attenpt sas nade to refer 
definite co^nents of the hioelectrlcal reactions of the cortex 
to the aetlTity of one or another set of neuroidc elements, fhe 
hloelectrical phenoasna sere studied that arise at corresponding 
peri^eral stimulations in outaneous and adltory analysers of the 
cortex. 

Birect hioelectrlcal effects spislng in the cutaneous analyser 
at corresponding peripheral stimnlations. In the majority of these 
experiBsats the central end of the sectioned soiatle nerve sas 
stimulated hy eleetrloal stimuli 0.2 millisecond in length. In a 
number of experiasats "tte shin sas subjected to electrical stlmulatiM, 
55^ foUosiag method of stliiolation sas used*, to a certain portltm of 
ttie skin at a distance of 0.5-1 cm. frtwi one another plate electrodes 
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were covered with a paste of clay loaeaded in a saturation 


solirtto of calcium chloride; stimulation was made with stimuli 


G.5 mllllsee. la length* With such a method of stimulation of Hie 


skin the thresholds of provocation of the hioelectrieal effects in 


the corto as well as the thresholdB of provocation of the reflex 


movement of the extremity is eompai^tively low: cortical hioelectrieal 


reactions were recorded at an intensity of the stimulating current 


of the order of 2^*3 volts. 


If the discharge electrode is placed on the surface of the 


cortex in the region of the upper part of the gyr. slgmoideus post., 


l.e. in the territory of the projection of the skin of the rear pay, 


then at stimulation of the sciatic nerve of the opposite side it is 


possible to register hioelectrieal potentials the character of which 


changes depending on the depth of the narcosis, on the intensity, 


the frequency and the length of the stimulation, on the cemditioa 


of the cortex, etc^ 


fhe effect of a single stimulation. At applicati<ai to the 


sciatic nerve of deeply narcotized cat of a single shock of electrical 


stimulation of intensity sufficient for provocation of A waves, from 


the surface of the cortex in the region indicated above the following 


electrical effect is registered: 7-10 miUlseeonds after application 
of stimulation a positive fluctuation of the hioelectrieal potential 
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arises abowt 10 adllisecoiiaB la length. In Boaie oasee effects can 
he recorWi in vhich the slov positive potential preceded somewhat 
the very tnich fluctuations of the CQaaion length of ahout g-3 lalUl- 
seconds (Fig. 57^ A), !Ihe aag?litud© of the positive slow potential 
usually did not exceed O.l^O.g milllv,, l,e. the amplitude of the 
initial positive potentials discharged from the surface of the cortex, 
even at energetic stimulations of the sciatic nerve, was many times 
less than the amplitude of the positive hlopotentlals arising at 
direct stimulation of the cortex. As seen in Fig, 57, A, the positive 
slow potential arises without maited pause after the afferent iupulses; 
it is possible to 00® to the same conclueion at e^madnatlon of 
recordings of effects of the optic territory of the cortex that arise 
during stimulatioin of the optic nerve (Marshall and coworkers, 1943; (Sbang 
and fiaada, ffershall, 1949), !mus, the latent period of the 
arising of the ij^sitive slow potential registered from the surfhee of 
the cortex after application of the peripheral stijaulatloa is determined 
at that tiiae whi<^ is required for afferent impulses to reach the 
cortex. Ividently this potential t&rm directly under the infltmce of 
the afferent iapulses, 

{Iiegead to Fig. 57^ textpage 14^5: Characteristic Moelectrical 
potentials discharged from the surface of the gyr* sigmoldeus post. 

(region of the projeotloa of the iskln of the rear jew) at 
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stlamlations of ttie $ciatlc nerve of tJae opposite si4e. A - cat , 

Ho. 13 , Bee. 16/ 1^9{ narcosis. G/ and E (tiie boUt^a tiu^ee) • 
narcosis of jasAlyia deptbj B and C ( the lower-left two) - oat Bo. 32/ 
July 10, i950| B (lower ri^t) Cat Bo. 13. B (tipper ri^t) - ll^t mr- 
coris, cat Bo. 43, Jtine 5; 1951 .) 

At release of aniiaal from narcosis the bioelectrical reactions 
in response to peripberal stimulations became laore complex. Most 
often, after the positive fluctuation considered above, a negative 
fluctuation sets in (Fig. 57, B), IBie positive fluctuation without 
pause passes oyer into tbe negative, i.e. a two-phase potential 
arises, fhe negative fluctuation of potential is pite variable in 
its amplitude (it can be less or more than the initial positive one), 
in its length (in the majority of cases it lasts longer than the 
Initial positive potential) , and in its configuration. 

At very, light narcosis and with a good ftmctlonal state of the 
cortex it is possible to record complex and diverse effects, 

a) After a negative potential it is possible to trace a f ^lrther 
aeries of irregular fluctuations of bioelectrical potential. Such 
effects were recorded by Marshall, Boolsey, and Bard (l94l) for monkeys 
alBKist released from narcosis, in response to tactile stimulations of 
the skin, 

b) After a negative potential it Is possible for a prolonged 
negative fluctuation of the A-wave type to set in (Fig, 57, G (lower 
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left), Similar effects imre registered io, the optic region of the 
cortex of rahhit in response to fitlmalatlon of the optic nerre (O^Leary 
and Bishop, 1938)t 

c) After a negative potential it is possihle for a positive 
potential of greater amplitude to arise (Fig. 57> ® (tipper right)), 

d) 3^ certain cases about 4 mlllisecoBds after the beginning 
of positive potential an Intense negative potential arose 
appimimately 5 milliseconds in length, after nhich a positive 
fluctuation followed that shifted then into a negative (Fig, 57> F 
(lower ri#t)), 'Bis complex effect arose in certain experiments 
only at intense etinmlations, were as at stimulatiQns of less 
intensity the relatively eln^e two-phase potential described arose. 

Iffect of stimulations at a rhythm of 5-50 per second, The 
different character of the effect of separate shocks of Btimulation 
of sciatic nerve in different preparations can be connected wilh 
the different depth of the narcosis. However, the variability of the 
effects can deuKuastratively protrude in experiasats on one preparation 
at repeated stinmlations of the nerve at a frequency of 2-10 per 
second* For example, in the experiment the recordings of Which are 
presented in fig, 58, 0 and B (the lower two), in the course of I 
second of stimulatim it was possible to observe almost all variants 
of the bloeleotrical reacti(xis enumerated above. As we shall see 


^B^^^^^^^^^^^^^^^anitize^op^pprove^o^eleas^m0/^^^^I^^DP^^043R00^0^5000^6 
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l5©XoV| this Mia’bility of cortical j*e®ponse potentials is imialy 
the result of tlie f unctloiial state clmging from Bssaent to mosient of 
newoiaic eieiaeats of tlie cortex and not of elenientB of subjacent 
portions of the central nervous systm ** of the spinal cord ar 
thalamus, i,e. this alterabillty evidently depends not on the fact 
that from one shock of stlmuktlon to another the afferent "impulsatiGn" 
is changed in the sense of the increase or redueticai of the number of 
Impulses proceeding into the cortex or In the sense of the increase 
or reduction of the synchronous character of these impulses. 

As said, at the time of deep narcosis reaction to stimulation 
of the sciatic nerve is limited by the arising of positive potentials, 
which arise stereotypewise at each shock of stimulationj the amplitude, 
length, and configuration of these positive potentials are coa^arativaly 
constant. However, at li^t narcosis, when additional variable 
bioelectrlcal fluctuations arise, the Initial positive fluctuations 
become variable, a very interesting clrcumstaBce to #dch special 
attention has not yet been turned, la fig. 5^, C and H, it is seen 
that to the effect at stimulation of a nerve is limited by a positive 
potential, then the latter has a relatively grater amplitude and leiag'^ 
(f(^ InstisuiQe, the effects at shocks 1 and 9 stimulation, recording 
Jj at shook 6, recording C), ^n after the Initial positive potential 
additional fluctuations arise, Idien ItBainpliti;^ and length are greatly 
reduced (see effects at stimulation idiodks S, 4, 6, and 8, recording 







la certain cases an initial (pick positive fluctiaatlon arises iftilch 
can be ccnslderei a pot^tM of axoaic origin^ ajad after It an 
energetic negative potential sets in (tbe effect at shock ^ of 
stiaiulatiGn, recording C)j at esamination of such effects it is 
possible for the iaipression to be created that the positive potential 
generally does not arise ^ bnt that after the advent of afferent 
impulses, as the first cortical reaction, a negative potential arises. 

(le^ to Fig. 58 , textpage 1^^: Alterablllty of nerve 
responses at a freipency of stimulation of the sciatic nerve of 
5-10 per aecoiad. A - cat Ho. 13) B - cat Ho* 32| C and B - cat Ho, ) 
(Legend to Fig* 59, textpage Bioelectrical potentials of 
the skin-receptor region of the cortex, arisins at stiawlatian of the 
skin. Gat Ho. 60 , Hov, 5, 1953* Hembutal. Cortical potentials are 
discharged through the dura mater) the discharge electrode is placed 
on the region of the projection for the skin of the front pav, !Ehe 
skin of the lower part of the opposite fcn?e paw is stiuailated, Intensi^ 
of stimulation 4 v, , frequency 10 per second. A - beginning of 
Stimulation* B - duration* C - effect of the same stimulation at a 
lesser rate of expo we. ) 

I'ig. 59 bloelectrlcal potentials are pres^ated tMt are 
registwd at stimulation of the skin on to paw* As seen, la to 
cortex bioeleotrical potentials thereby arise of to same character as 
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at Btiamlatloa of tlie eeiatlc mrve. lateat period of their 
arijiiBg 5, >6 xullXlfiecoada, !•#* It Is shcrter than in case 

of stlawXatioa of the sciatic mvfe, can he explained hy the 
lesaer distance froi the place of stlsailatioa to the place of 
diseharjge* *3Bhe positive potentials has a length of 13*iS utilli’* 
second® (see ose. A, effect at the first sliock of stljm£Lation). 

•fhe greater length of the initial positive potential can he explained 
hy the fact that in case of stiawlatlon of the skin receptors in 
the cortex a less synchronous, l.e* a ocjre prolonged, discharge of 
afferent ta^ulses cones to the cortex (coajpare Boithak, 1950). In 
the cotrse of stimulation at a rhythm of 10 per second the effects 
change frcxa <m shock of stifflulatlon to another (osc, G)* 1?he first 
3 sho<^ of stimulation cause slag?!® effects, positive potentials 
of coneiderahle amplitude and length, then each shock of stimulation 
begins to produce more ctasplex effects J after the initial p<^itive 
potential a i^gative arises of conslderahle amplitude and length; 
thereby ^ length and amplitude of the initial positive potentials 
are reduced; finally, certain effects eonsistsf of the ^‘•coi^lex, after 
uhich a positive fluctuation of greater amplitude foUm (compare 
vith Ilg. B), 

^ the basis of the recordings of Figs. 58 and 59 it is 
possible to make the follosing factual cmcluslonj the Me powerful 
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potential after tlie initial poeitive mm, Hhim the ' 

and shorter is the latter* In soiae cases It can assomt to a quick 
^tentlal in the eharacter of a peak* Bie posltiire potential has a 
Qta^dioal length end aniplltude in those eases Khen additional fluctuations 
of potential set in after it* lower, these relnticaishlps are not 
mnnal; intensified negative potentials can he associated with 
intensified initial positive potentials* 

In certain cases the first 8h0(^ of stimilatlon causes a coiaplex 
effect (as in Fig* 5Ti B), and already in response to the second shock 
of stimlatlon at a frequency of 10 per second the effect becoaes 
siji^leri the quicsk negative fluctuation that interrupts the positive 
$lm potential (fig* 6l, A) falls out* 

At a stimulation frequency of 50 per second an effect arises 
stallar to the effect at one shock of stimulation, and after its 
cooi^letion subsequent shocks provoke hi|^ attenuated fluctuations 
(fig, 60, textpage 150 j Bioelectrical reaction of the cortex at 
tetaniaaticaa of the sciatic nerve* Gat Bo, 13 * A - heginning) B * 
end of BtimilatlOB of the sciatic nerve of the opposite sldej 
frequency of stlmlatioa 50 per secoadj end of stimalatlcai indicated 
hy arcof*)* It is characteristic tiat so long as the effect lasts 
that ms caused hy the first shock of stimulation the shocks of 
stimulation falling at this time do not produce corresponding fluctuations 
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&£ At the time of tetamlc 8tiBmlatlo& of the sciaUe 

mrn iateaalfiei aloe fluotiaatiooB of potential arise. In this 
case the flnctnations of potential that set in at the rhythm of 
the stimulation are arranged on a background of slow fluctmtlons 
of various intensity and length. After brief tetanic stlmulatlcm 
of the nerve it is possible to observe Int^lflcatlon of the 
"spontaneous” electrical activity. 

Change of cortical response potentials at prolonged stimulations. 
At long stimulations (more than 1 minute) at a rhythm of 10 per second 
it is possible to observe that the effects of stimulation becone 
simpler because of the falling out of certain components of the 
bioeiectrical reaction. Fen* Instance, in the experiment the recordings 
of which are presented in Fig, 6l at the start of stimulation after an 
initial positive potential, as a rule, a negative potential arose | 
after 1.5 minutes of stimulation the two-phass effects began to 
alternate with the one-jdmse. tos, prolonged stiawlatioaB are 
reflected mainly in an additional negative fluctuati<m, following 
after the initial positive om, which Is ^tremely stables positive 
potentials continue to arise after several ndnutes of stiimflation at 
a rhythm of 10 per second and nowhere do they dwindle to nothing, 
althouj^ at deep narcosis they qtuickly and c^lderably atten^te. 
likewise, even at a fretuency of 50 per second during prolonged 
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fittolatiORS fluctuations continued to arise -at the rhythm of 
stimulation. 

(liegends to Figs, on textpage V}Xp Fig. 61: Ghai^ of 
hioelectrical reactions of the cortex at prolonged stimulation 
of the sciatic nen?e. Gat Ho. 13. - heginning of stiawlation 

of the sciatic nerve of the opposite side} frequency of about 
Ik per second j B - after 1.5 minutes of stimulation. Fig. 62: 

Local character of initial responses* Gat Sfo. 43* Bioelectric^l 
potentials are discharged simultaneously from the upper part of 
the gyrus slgmoideus post, (upper curve) and from the anterior 
part of the gyr. suprasylvius. 5he sciatic nerve of the opposite 
side is stimulated* Intensity of stimulation 1.5 v.j freiiuency 
15 per second.) 

Begion of discharge of the cortical response biopotentials, 
at stimulation of the sciatic nerve. In experiments on narcotized 
aniimls, corresponding with literary data, it ms demonstrated 
that these effects are very localj i.e. they arise only in a certain 
region of the cortex corresponding to the projection of the hind 
paw (in the upper part of the gyr. sigmoid post,). If an electrode 
is changed to another position several millimeters lower, to a region 
cGrrespondingjto the projection of the tmils or of the fore paw, 
direct effects of stimulation of the sciatic nem cease to be discharged. 
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In fig, 62 recordii^s of the experiment are shown in which pot^tials 
vere discharged siiaultaaeonsly from the upper part of the gyrus 
sigmoideus post, and from the anterior pole of the gyrus suprasylvius. 
As seen, at stimulation of the sciatic nerve initial responses arose 
only in the region of the shin analyser , !JhuB, stimulation of the 
sciatic nerve produces primary respooses in a limited region of the 
cortex and does not produce them in other regions, oven those located 
very nearby. The potentials that arose do not spread to other parts 
of the cortex, as this is observed at direct stimulation of the 
cortical surface, where punctate stimulation of the surface produces 
bioeleetrical response potentials over a vide territory, 

fhus, ve again encounter an extraordinary local quality of 
bioelectrical phenomem in the cortex: the bioelectrical potentials 
that arise are not spread ihysically for any considerable distance j 
the territory of their response actually consists of the territory 
of their arising. This important principle, which was proved in the 
piee^lng chapter, oscillograihlc study of the cortex mahea perspective. 
If it should be, as proposed by certain electrophysiologlets, that 
the bloelectrloal potentials spread diffusely through the brain and 
the biopotential being registered can have an origin most diverse 
in the s^e of its place of generation, origin, then rational 
analysis of the recordings obtained would be Impossible, 







Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6 



- 886 - 

Iffect of stryclmliae In Fig, 63 typical 

oscillograias are presented, ehowlng the effect of strychnine on 
potentials arising in the cortex at single stimulations of the 
sciatic neTO, (legend to fig, 63^ textpage I53: Effect of 
stryclmine on primary responses arising at single stimulations 
of the sciatic nerve, A - cat Ko, 135 the shock of stimulation is 
applied to the sciatic nerve of the opposite side. After this, 
local strychnine poisoning made (0,15S) of the cortex under 
the discharge electrode, B - effect of the sai^ stimulation 2 
minutes after poisoning. C - cat Ho, 32j effect of single stimula- 
tion of the sciatic nerve (2 volts). B « Effect of the same 
stimulation 3 minutes after local strychnine poisoning (l^ solution) 
of the cortex under a discharge electrode, ) In recording A is 
shown a hiopotentlal registered from a given point of the gyrus 
sigmoideus before poisoning; the latent period of its arising equals 
8 milliseconds) the positive phase has an an^lltude of 2A0 microvolts 
and lasts 8 milliseconds, !Phe negative phase lasts approximately 30 
milliseconds, and its aa^litude equals 15O microvolts, local strycimine 
poisoning vlth a 0.1^ solution of strychnine was then made of the 
portion of the cortex tader the discharge eleotrode, 90 seconds after 
poisoning the effect of the same stimulation of the sciatic nerve was 
recorded (recording B). As seen, the effect was extraordinarily 
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lateasifiedj the positive and negative phases reached aa^litudes of 
750 microvolts and 1300 microvolts^ respectively, i.e. as a resnlt of 
the poisoning by strychnine the positive phase vas increased approximately 
3 times and the negative ms increased more than 10 times ^ after the 
negative phase a second positive phase now arises (about 700 microvolts), 
!She latent period of the effect after poisoning of the cortex by 
etrycimiae was not changed, 

A like experiment ms made on another preparation (recordings 
C and B). Poisoning was usade with a 1$ solution of strychnine. As 
a result of the poisoning an Increase of amplitude of the first 
positive potential (from 90 to 120 microvolts) and of the negative 
potential (from 75 to 600 microvolts) occurred. In the case in 
ciuestion intensification of biopotentials did not reach such a degree 
as at poisoning with a 0,1J» solution of strychnine on anotlier preparation. 
As already said, strychnine in greater concentration can show a slight 
Stimulating effect and even lead to depression of bioelectrical 
activity. 

m«s, under the effect of strychnine extraordinary intensification 
occurs (inore than 10 times) of the negative phase and a certain intensifica- 
tion of the positive phase of the primary responses. The effects are 
graduated, depending on t he energy of stimulating of the nerve, for 
instance, several minutes after the recording shcfwn in Fig, 63 , B, 
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stiiaalation of tiie sciatic norTe (1,5 volts) caused an effect identical 
in characterj the an^pUtyde of the positive phase equaled microvolts # 

that of the negative phase 1.2 microvoXts; at a stimulation Intensity of 
15 volts, the ajaplltnde of the positive phase increased to 6 OO microvolts, 
the negative to more than 1,5 millivolts. 

At a nerve stimulation frequency of 10 per second, a peculiar 
phenomenon Is observed ©f the alternation of strychnine effects and of 
effects normal in character and amplitude (Fig. 64, P), In the course 
of prolonged stimulation it can happen that one shock of stimulation 
causes a strychnine effect and tvo or three shocks cause normal effects, 
then again one shoa: causes a strychnine effect, etc. (Fig, 64, A). It 
is interesting that idjen at local strychnine poisoning of the sensory- 
motor region of the cortex stimulation of the sciatic nerve causes 
alternating normal and strychnine effects, then too direct electrical 
stimulation of the brain of the same frequency produces in the poisoned 
part alternating intense and weak negative potentials (Fig. 64, C), 

At a stimulation frequency of the sciatic nerve of 50 per secoi^ the 
first shodfc of stimulation causes a strychnine potential, but all 
subsequent m&B usually cause fluctuations of biopotential of smaller 
aaq>Utude, followiiig the rhythm of the stimulation (Fig. 64, B), 

(Legend to Fig, 64, textp* 154j Effect of strychnine on prisBry 
resptnises arising at stiimaatlon of the sciatic nerve. Cat So, 32. 


Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6 





Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6 




- 289 " 

5 raiantes after local stryclmlne poiaquing ( 1 ^ solatioa) of a discharge 
potet of the gyr. slgBioideus post, A - the sciatic nerve of the opposite 
side is stiaulatedj intensity of stimulation 2 volts, frequency 10 
per second, B - 50 per second, C - 15 minutes after poisoningj effect 
of electrical stimulation of the surface of the saa^ convolution at a 
distance of 8 mm. from the point of dlschargej stimulation Intensity 
30 volts, frequency 10 per second. D - another preparation (cat lo. 13 ); 
point of cortex (gyrus sigmoldeus post.) under discharge electrode was 
locally poisoned hy strychnine ( 0 * 1 ^ solution)) effect of stimulation 
of the sciatic nerve several minutes after poisoning) stimulation 
frequency 10 per second. ) 

(Legend to Fig. 65 , textpage Strychnine responses at diverse 
frequency of stimulation of the sciatic nerve. Cat Ho. i{-3. !I!he potentials 
are discharged iVom a point of the gyrus sigmoideus post, poisoned by 
strychnine (l^S solution). The sciatic nerve of the opposite side is 
stimulated. A « frequency of stimulation about 2 per second. B - .about 
12 per second, greater mte of exposure. G - also at a lower rate of 
exposure.) 

When the functional state of the cortex is good, intensified 
strychnine effects can arise at a nerve-stimulation rhythm of up to 
15 per secoi:^ (Fig. ^5). Ih Fig, 65 attention is turned to the fact 
that at infrequent stimulations ordinary effects arise (t- 4 -); at a 
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of 10-15 per eeccaJd tiis charaater of the Moeleotiical 
pot^tlais arising changed; aMitloml negative potentials appearea 
(c<Mipare recipdlngs A 

lleotrical potentials discharged from various layers of the 
cortex at atlmLation of thte sciatic nerve, fhe folloiring series of 
experifijents ims set up wlldh sinking of the microelectrode deep into 
the cortical suhstance. fig. 66 illustrates such an experiment. At 
first the potentials that arose at single stimulations of the sciatio 
nerve «ere registered udam the position of the microelectrode vas on 
the su3?face of the cortex. As seen from recording A, vilih a latent 
period of 7 milliaeconds a positive fluctuation of potential arose ^ 
after vhich a negative followed; conslderahly less in amplitude. At 
sinking the mloroelectrode to a depth of 0.6'-0,7 am* the character 
of the effect was characteristically altered (recording B); 7 milliseconds 
aft^r the artefact of stimulation a negative fluctuation of potential 
arose of the same length as the positive fluctuation of the surface 
effects] then a positive phase followed that corresponded to the negative 
phase of the surface effects. 

Since the negativity of the potentials registered testifies to 
the exeltation of elements found in contact with the discharge electrode 
or in direct proximity with it^ then on the Basis of the experiments 
just considered with discharge of potentials from the surface and from 
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the depths of the cortex It is necessary to conclude that a positive 
potential, registered froa the surface of the cortex, expresses hy 
it^lf excitation of the eleaentB of the deep layers of the cortex, 
to relati<mshlps of the deep effects to tetanizatlon are the 
snm as those of the surface effects, 

BxperiHjents with slarultaneous registration of potentials of 
wloua layers of cortex In more conclusive form demonstrate the 
correctness of the hypothesis which was made on the basis of experiments 
in which the potentials of the 'mrious layers were studied with one 
microelectrode, which later on was sunk deeply into the cortex. 

On the haslB of experlmentsi the recordings of which are 
presented in fig, 67, in which the first aicroelectrode was found at 
the surface of the cortex and the second microelectrode was found in 
the cortex at a depth of 0,6 mm. , at a distance of 1 mm, horizontal 
from the first, it is possihl© to make the following conclusions} 

1) to so-called “spontaneous” electrical activity has identical 
character at its discharge fr^ the surface of the cortex and fr<M the 
depths of the cortex. Potential fluctuatlonB are entirely synchronous 
and directed Identically. However, their intensity at discharge fr<m 
the surface is someidjat greater (fig*, 67, B). Xt is la®ossihle to 
ascrihe these differences in intensity only to difference in discharge 
conditions, which is seen from the following experiments with discharge 
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of electrical activity of different layers of cortex vhea both 
electrodes are sank deeply into tbe cortical mtter, 

2) At stimulfttloa of a nerve seny^phase potentials arise vhlcHi 
are an inverted reflectitm of one another (Fi^. 6’J, A) , It is entirely 
likely that if the second electrode was foimd precisely under the first, 
then it vould register effects which would be Indeed accurate, but an 
inverted reflection of the surface ones. 

3) At tetanic stimulationB with a frequency of 10 per second 
these coHpiratively complex effects begin to alternate with simple 
ones that are only the first phases of the corresponding (surface 
and depth) effects t from the surface a positive fluctuation is 
discharged and from the depths a negative fluctuation corresponding 
to it (Fig. $!, G). 

1|-) On a background of slow negative fluctuations discharged 
from the depths of the cortex guick jjnes are arranged that reach the 
greatest awEplltude and frequency at the hei^t of the slow negative 
potential (Fig. 67,, A^^). 

'Chus, iJhen one electrode is found on the surface of the cortex 
and second at a depth of 0,6-0, 7 Q®. , then with the arrival at 
a given point of the cortex of a discharge of afferent impulses the 
surface electrode llec^rges a slow positive potential, but the 
electrode in the depths discharges a slow negative pot^tial, complicated 
with tuick iDpulses. 
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to fig. textp, 156? Bloel^etricaX potentials 
aiscliayged from different layers in tlie surface of tBe skin analyser 
at stimulation of sciatic nerve^ €at Bo. I3, A « adcroelectroSs 
on gwface of gyms sl^idens post, in tlie region of the projection 
of the skin oi tlie hind pswr; effect of one shock of stiiiulation 
applied to the sciatic nerve of the opposite side, B « the micro- 
electrode "was sank to a depth of 0,7 mnuj effect of the saiac 
stlmnlation (Boithak, i953h) . ) 

(fig. 67, terbp, 157? Bioelectrical potentials discharged 
simnltaneoiasly from differmt layers of the cortex in the territory 
of the skin analysor at stimulation of the sciatic nerve. Cat ®[o, 13 
teeaty-flve minutes after the (O.ljt) strychnine me removed frm 
the portion of the cosrtex Being Investigatedj ls% microelectrode Is 
foimd on the surface of the cortex, 2d microelectrode at a depth 
of 0.6-0, 7 mau, at a distance 1 mm. horizontally from the first 
electrode, potentials are discharged simultaneously from the 
sia^f ace (lower curves) and from a depth of G,7 am* curves). 

Ihe sciatic nerve of the opposite side is stimulated. A • frettaency 
of stimulation about 5 secondi A^ - effect of first shock of 
stimulation in enlarged form? B * "spontaneous" activity; C ^ frett^ney 
of stimuiation about ik per second,) 

In the ejQ^riaent the recordings of vhich are juresented in 
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lig, 68, A, one electrode m$ eiaok to a depth of G.g-0;3 m, the 
secoBd to a depth of 0.9-l,0 laa. At these levels other phettosoem 
vere observed^ frm the tapper eleeta?ode in response to stimwlation 
of the nerve no def inite hloelectrical potential nas disdhargedi 
trm n depth of 1 ibib, a negetiw potential m& registered. As for 
the "epontaneoiie” fluctmtioas of potential, the upper electrode 
discharged potentials of greater amplitude than did the electrode 
sunk 1 mm. deep into the cortex, In the experiment the recordings 
of vhloh are presented in fig. 68 the electrodes vere sunk in 0.5 mm. 
further* Hence, the upper elect3?ode was found at a depth of 0*7- 
0.8 mm. and the lower at a depth of 1,4«1.5 » How at stimulation 
of the nerve the upper electi*ode discharge a ccaisiderahle nei^tive 
potential and the lower electrode discharged a ne^tive potential 
also, hut attenuated in coaspirison with the potential Which was 
discharged when it was hlgh^ (at a depth of 0,9-1.0 mm. ), The 
upper electrode now also dischar^ ^spontaneous” potentials of 
greater amplitude than the lower (fig* 68, G). 

On the basis of the experiments Just considered with registration 
of potentials of various layers of the cortex It is possible to ts^ 
the following conclusions: 

l) At the arrival in the cortex of a discharge of afferent 
impulses certain neuronic elements arranged at a depth of 0,6 am. and 
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Iwr from the surface of the cortex geaerate a slo» ne^tlve poteatlalj 
the min source of ne^tlYity Is found at a Uml 0.6-0.t m> from the 
surface; the "Inwslon" of potential occurs at e letel smu 

frm surface, frcsa uhich this potential Is alr^dy discharged in 

positive form. 

S) A negative slo» potential arising after an initial positive 
one (discharge from the surface of the cortex) is linked chiefly with 
the activation of netaronic elements of the surface layers. At sii^ifig 
of the electrode to (a depth of) 0.2-0. 3 saa., it is not registered 
(Fig. 68, A). >fhen the electrode is sunk into the middle layers, 
then it is registered in the form of a positive potential that sets in 
after initial ne^tive one (Fig. 68, B), i.e. the "inversion" of 
this potential occurs eom^tee in the surface of the cortex, evidently 

also at the level of O.3“0.^ mm. 

In the ejqperimsnts considered above with siimiltaneGus discharge 
of potentials from different layers of the cortex the discharge was 
unipolan potentials of electrodes In different layers of the cortex 
were not related to one another and to the "indifferent" electrode 
(Fig. 69 ). In a technical sense there are no indifferent points in 
the preparation (Kogan, 19^9), however, as numerous experimental data 
show, a needle fastened to hone over a frontal air-sinus of narcotised 

aniael Is pracMtsally an indifferent e 
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(Xee^ to Fig. 68, t«tp, 1581 Bioelectrlcal poteatlals 
aieetorged steullaaeougly fm different Xajers of the «(wtes m the 
region of the dsla amlyeor at etlBulatic® of ttie eciatio nerve. 

Cat So. 13, another portieB of the gyrus slgjoldeus post., prior to 
e^rlsBnts with local strychnine polewjlng. A - biopotentials are 
dlacbarged by teo nieroelectroaes slaultaneously frtsn different 
layers of the oortex; the first electrode was sunt to a depth of 
O.2-O.3 Bw. (lower curve), the second to 0.9-1.0 nm. (upper curve)} 
effect of single stlBadatlm of the aclatio nerve of the opposite 
side. B - electrodes are bw& In a further 0.5 m.} now the first 
electrode (low® curve) Is sm^ to a depth of O.T'-O.S jub., lie seocaid 
to 1.1}-1.5 MU} the effect of the sauB stlnulation. C - "spontaneous" 
activity (Boltbak, 1953b).) 

(Legfiai to Fig. 69, tertp. 159: Schenes of unipolar and bipolar 
discharge of blopotentlala of tiw cort®:. A - scheoe of discharge 
fron diffarait layers of the ccarfce* used in tie present Investigsitton 
during a study of bioeieetrical potentials arising during peripheral 
stlsBdatloas, during stlanlatlaas of the surface of the cortex, as 
wU as during a study of "spcntMeutis" electrical activity, S - 
schaiBB of dlBctorjp In analogous exporlaents of Blshc® and eoworiters. 
and Bg - discharge electrodes} 1 - the indifferent electrode. ) 

Bipolar oethed ctf discharge llndts ttie possibilities of aBalyels 
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^ mi lead to Inoorreot ooaeltasioias^ la case la qwtloa those 
methods of discharge are inteaded dariag which both electrodes are la 
a part of the cortex excited by one or another stlmulatioa, i.e. they 
are methods of discharge vith the interpolar distance small, measured 
in fflBU, for instance when the pair of discharge electrodes is placed 
on the surface of the cortex and the potentials arising at stimulatitm 
©f the surfeoe of the cortex (Adrian, 1936) are registered Mpolarwlse, 
or when the first discharge electrode is found in one (layer) and the 
second in a 3 aother layer of the cortex in any projection territory 
whatsoever, and the pot^tials that foiro during corresponding peripheral 
stimulation are registered hlpolarwise (Bishop, 1936-1953)* ^ series 
of difficulties of interpretation of the recordings obtained arises 
with such a lasthod of discharge* 

1) for instance, electrode 1 is found in layer If and electrode 
2 in layer Hj when a discharge of affer^it ia®ulses ccmies to a given 
point €xe the cortex, electrode 1 becomes negative in respect to 
electrode 2. However, what is the c^mdltion under electrode 2? Well, 
then, electrode 2 will be positive in respect to electrode 1 even in 
this case if actlvati<m of neuronic elemeats again occurs under them 
and even If less Intense activation occars here than under electrode 1* 
Hence, on the basis of the fact that electrode 2 is positive in 
respect to electrode 1, It is still In^wssible to clarify what the 
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stata i 0 of ijlj® point of tho coj?tex «Mor electrode 2, Qr^ for 
example^ two diectoge electrodes are placed on the sijrface of 
cortex, electrode 1 closer to the portion stimulated, electrode 
2 farther from it* At stimnlatlon of the cortex, electrode 1 
heccsBBS negative in respect to electrode 2. However, this is 
perhaps governed either hy the fact that electrode 2 stands already 
at snch a point of the cortex vhere no negative potential arises 
(i.e* excitation of the top dendrites) during a given stimulation of 
the cortex, or by the fact that under electrode 2 a negative 
potential of less amplitude arises than under electrode 1. In 
both eases electrode 2 will be positive in respect to electrode 1. 

Thus, with the joetiiod of discharge being considered, during 
which potentials of the active points are related to one aixsther, 
it is possible to ascertain only the gradient of the potential* 

2) If at both points of the cortex (under electrode 1 and 
under electrode 2) biopotentials arise simultaneously, identical 
in intensity, configuration, and sign, then, at relating these 
isopotential points to one another, it is generally not possible 
to discover the biopotential. It is known, for example, that 
when the 1st electrode is on the surface of the skin-muscle projection 
region and the 2d at any part of the cortex, however within the limfts 
of the pro jection reglm in pesticn, then at stimulation of the 
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coj^espondlBg senspi^ nerve "pr^iBBry reeponses” of a certain aaplitii^ 
are registered! their aaplltude is not reduced at shifting electrode 
g over the eortes as Xcwg as it does not fall into projection 
region in t^stionj it is estahlished here around electrode 1, 
then the amplitude of the potentials being registered is sharply 
reduced (Gardner and Haddad, 1953) « exai! 5 >le, uhen both 

electrodes are found at a number of horizontal points of the auditory 
projection regicaj, then in response to a sound shocdc no fluctuation 
of the biopotential is observed (Pribram and coworhers, 195^)* 

3) If at both points of the cortex (under electrode 1 and 
under electrode S) biopotentials arise i out of phase for instance ^ 
so that the potential mder electiode 2 forn© i»hile the fluctuation 
of potential under electrode 1 has not yet terminated, then an 
hbsorml. curve is obtained ofdng to the algebraic suianation of 
these potentials, lor instance, in the exp8riiaents-3#-^rshall and 
coirorhers ( 19 ^ 1 ) a sharp distortion of form of the response bio^ 
potentials uaa observed vhen the latter vere discharged bipolarwise, 
but both electrodes vere in the excited portion of the cutaneous 
projection region. ^Is distortim of form of the biopotdatials 
evidently is linked vlth the fact that at different points of the 
portion activated direct bioelectrical effects set in with a different 
latent period. 
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f]3ie siel^od of discliargt is devoid of these 

deficieneies, With this lasthod one electrode (the '’Indiffemt”) 

Is ettehlii^ed in tee or at such a point of the cortex 
excitation of miirons does not arise In response to the stimtlation 
applied, the direst effect of tMch they wish to study, and the 
potentials of the other (’’active”) discharge electrodes refer to 
it. ■ ■ 

Bioelectrical potentials arising in auditory projection 
region of the cortex at soiaad stiiBulBtioas* In these experiiaeats, 
certain results of which will he stated helow, potetials were 
discharged from the dura sister throug^i electrodes attached to the 
ho!^ of the skull. In sose cases a saethod was used which tfskipuridze 
(l95<^) proposedj silver electrodes, covered with cambric were, 
established through small openings in the ^uU, on the dura mater and 
claa^d in this position. In other cases a ’1»utte” of plexiglass 
wlBi electrodes built into it was Inserted into a tre|«natton , opening, 
ihe electrodes were established so that one of them, the "active”, 
was over the auditory sarojectlon region of the cortex, the other was 
outside it, for instance over the gyrus suprasylvlus med. Such a 
aeliod of dlsterge glwes an oppcn-tunlty to register unaltered primary 
relpaases of the pro jectlon region in (luestlon. If both disohar^ 
electrodes are in the projection region, then, first, a certain 
suiMary effect is registered (see above) and, secondly, it is iffiposslble 
to foresee the sign of the potential being discharged# luch a principle 
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of dischar^ of ^th electrodes discharge 

iie electrical actl^ty of the cerehral cortex h«t only am of them 

Is Active" dtrdag the iavestlgfttioai la 

on people dnrlng a etudy of the al 0 »-rh 3 rthia (Boithah and Savaneli, 

1^1 1953 ) end for study of direct hioelectrlcal reactions to skin 

stiiiwlationB (Bawon, 19^Ti 195^ 

Sound shocks served for stimulation* fheir intensity and 
freq.uency can he ctenged within wide limits. 

(legend to fig. 70, textpage l 6 l; If feet of sound stimulations 
during deep nembutal narcosis. Gat If, dune 3, 1952. The electrodes 
were established on the dura »ter throu^ fine openings in the skuU. 

^Ehe position of the electrodes is indicated in the schem. Biopotentials 
ere discharged simultaneously from electrodes % and Bg (icwer curves) 
and frem electrodes I 3 and (upper curves). 2 hours after operation. 

A - "spontaneous" electrical activity. B - effect of sousid shocks of 
a fretuency of 1.5 second. C, and Cg - effects of sound shocks 

at greater rapidity of exposure. ) 

(legend to fig. Tl, textp. 162 : Iffect of sound stimulations 
during ll#it narcosis, Ihe same cat on the day following the operation. 
Cat dxuJ^, sound stimulations not perceived and cause no outer reactions; 
in response to tweaking a paw and blowing breath into an ear, active 
reflexes, A - effect of sound shocks with a fretuency of 1*9 WT seecnad. 
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, 8 and of sowid of olajiptng the heads. C - reoordiag 

of jane 5, 1958} eat freed of nareosis} "spontaneous" actlirll^ in 
•aide-avake state of animal.) 

Ah relatively deep nembatal nBrcosis when a certain picture 
of "spontaneous” electrical activity was ohserved that is characterized 

hy periodically arising groups of slew auetuetions at a rhytiffl 

shout 10 per second (Fig. 70, A and B), in response to sound shock a 
typical primary response was registered! 10 milliseconds after the 
BOfflsnt of stimulation a positive potential arose, after which a ne^tive 
fluctuation of small ai^lltndo somstlmes set in (Fig. 70, B and t). 

In the motor territory of the cortex, in response to sound stlauletions, 
direct hloelectrical effects (primary respemseB) did not arise. 

When tiie narcosis attenuated, the somd shocks began to produce 
stye cca^lex effects! after a positive potential a prolonged intense 
neisative potential set in (Fig. 71, *). Sven more cosplex effects 
arose at the sound of the clapping of hands (Fig. 71, E)- 

At a sound-shock ftfedueaey of 5*10 per second the an^litude of 
the response potentials was reduced. With deep narcosis quick ahatemsnt 
of them was ohserved in Von course of stimulation. At a shodt frequency 
of 50 per second the ewit^itng co of the stimalatltm provaiked an effect 
similar to the effect at one sound shock, and tl»n the stiaolaticm 
remlned, as it were, Ineffeotive. It should he noted that in ■»» 
cutaneous projection region of the cortex in narcotized anlnsls it me 
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poBsit)!© to observe a rhythmical hioelectrical effect at thie stlaulatlon 
freqweaey of the eeiatic nerve, 

fh© prliaary responsee to BoaaA were registered mly in the 
ectosylvius ant. and gyr, ©ctosylvtws med* end in the upper part of 
the gyr. sylvlus; they wear© not observed in the gyr. ectosyXvius post, 
and in the gyr. supraeylvius. 

Thus, in response to sound stimulations in narcotised animal 
direct Moelectrical effects arise in a limited territory of the cortex. 
With deep narcosis the reaction is limited hy the arising of a positive 
potential about 10 milllsec, in length. With li#t narcosis after the 
positive potential a negative potential arises. Thus, primry responses 
of the sound projection region of the cortex are extmordlnarily 
similar in character to the primary responses of the skin projection 
region of the cortex iMt arise with stimulations of the skin or of 
the sciatic nerve. 

Histological informtion on cortical layer I?, Afferent fibers. 

In layer W mainly afferent fibers of the cortex terminate which 
belong to so-called specific affereats, for instance fibers that 
poeeed from the corpus g^iculatum laterals to the optic pro jectlon 
region of the cortexi fr<mi the corpus pnieulatixa mediale to the 
audito!^ projection regim of the cortex, etc, , i,e, these fibers are 
conaeoted with the sending of impulses at excitation of the analysers ** 
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optic, auditory, etc. Moh affereat filler, not dividing and 

not loilng its B^elin covering, ascende through Layers VI and ?. 

tjpon reaching lajiw IV it divides dichot^usLy, then It loses its 

wedullated laeibrane and fonas very fine hranchlng that terminates 

synaptlcally on neuronic elemts in layer IV, and only certain 

ramifications enter into layer HI (Urmte de No, 19^^31 O'Leary, 19^1). 

However, although the main luass of synaptic endings of the specific 

afferent nerves is found in layer IV, it Is thou#t that other layers 

too have ocmnectlon with the specific afferents. It is difficult to 

have 

recognize that layers I and n/coonecticm with the specific afferents 
(Lorente de No, 

!!?he neurons of layer IV. a) Pyramidal neurons of layer IV* 

!llhey have a delicate top dendrite that ent^ into layer I; horizontal 
dendritic branches depart from it in layer IV (Lorente de No, 19^3)* 
Axor^ of the pyramidal neurons of layer IV are mainly association 
fibers. Ihsy give off recurr^t collaterals tljat reach layer I and, 
descending, they give of f collaterals into layers V and VI. b) Neurons 
with short axons. Scsae of them have ascending, others have descoading 
axon, fhere are also cells with a horizontal ax<ni (G 'Leary, 19^1). 
Different types of cells of layer IV, the axons of which ascend into 
layer I, were described above during consideration of the origin of 
the fiber® of layer I (textpage 44), According to BUisaenau, layer IV, 
of ail the layers, contains the greatest ntn^r of neurons with 
ascending axon. 
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Mmm with short axon are distinguished not only throu^ the 
place of terminaticai and the character of the hranchlag of their 
axonSi hut also by their dendrites, and this circtaastaace permits 
eliminating many types of neurons with short axon, Accoiding to 
Lorente de Ko and O’leary, in layer IV there are at least 8 types 
of neurons with short axoiu In three of them the dendrites branch into 
layer and fromtihe five other ones (idiey all s©ad an axon into 
layer l) long dendritic branches ascend into layer I. !l?hus, besides 
the pyramidal neurons and branches, many cells with short axon of 
layer IV have dendrites ascending into layer I, 

It should be noted that layer XV does not receive collaterals 
from the pyramidal neurons of the layers lying above. 

Very fine r^fications of specific afferent fibers terminate 
in layer IV both for the pyramidal Cells and for cells with a short 
axon (Poliakov, 1953 ) • Afferent fibers in layer IV divide repeatedly, 
and numerous branches terminating with synaptic tufts have the form 
of a basket cyst and are located on the bodies of the neurons (Chang, 
19^ j Poliakov, 1953) ♦ (It Is interesting that the afferent fibers 
form such type of ending even for neurons of all intermediate stations, 
f or exaa^le in the bulbar sensory nuclei of the auditory nerve, in 
the co 3 ^us geniculatuffl mediale, in the corpus genlculatum laterale, 
etCr (C^ng, 1952). Apparently linked with this is the fact that even 
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periphtral stimulation, for instance fitiaulatloB of several 
skin receptors, can lead to a spread of excitation to the cerehral 
cortex*) 

(l 4 igead to Fig* 72, textp* l64i Sohemtic depiction of certain 
neurons of cortical layer W and their connections, L, a, and 3 - 
min types of neurons of layer IF. 1 « pyramidal neuron of layer IF 
(association pyramid), a - its axon proceeding into the white matter; 
k - return collateral proceeding into layer I. 2 - neuron with short 
axon ascending into layer I. 3 neuron with short descending axon. 

4 and 5 - pyramidal neurons of layer V (efferent, projection pyramids). 
JF - afferent filers. Scheme composed on the basis of certain 
histological data, ) 

In f ig, 72 the main types of neurons of layer IF are shown, 

- On the basis of the histological data presented it is possible 
to make the following conclusions, 

1. Direct activation of the neuronic elements mainly of layer 
IF should occur at the arrival of the afferent impulses in the cortex. 
Both pyramidal neurons and neurons with short axtm should be activated 
thereby. 

g. Elements of layers I and II are not activated by afferent 
impulses. Because of this, excitation of the neuronic elements of 
these layers after the arrival of the afferent impulses in the cortex 
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can proceed only under the influence of ia^ulses from the cortical 
neurona that have been excited under the influence of the afferent 
iB^ulsesi i,e. chiefly of the neuronB of layer I?* 

3 * With the coming of the afferent ijiiEpulses to the neurons 
of layer IT excitation should arise in the bodies of the corresponding 
neurons, and, in view of the density of the arrangement of syaaptic 
endings, a discharge of in^ulses of excitation in these neurons should 
arise with great facility* 

4 * At excitation of the neurons of layer IV through the system 
of their ascending axons and collaterals activation should occur of 
the elements of layer I of the cortex. IMs conclusion agrees with 
the general conclusion of loreate de Wo { 1938, cited by : 2 urabashvili, 
1941), according to which, owing to the presence of cells with ascending 
axons, at stimulation of the deep layers discharges of iiapulses should 
he sent almost instantly to the upper layers. 

% Bxcltation of the pyramidal neurons of layer IV should lead 
to spread of excitation throui^ the cortex for great distances^ by 
means of association fibers that pass into the white matter and terminate 
in various regions of the cortex in layers II, III, and VI. 

fhe origin of the initial positive slew potential of the primary 
bioelectrical reaction of the cortex* Quick potentials, as a rule, 
precede the positive potential registered in the optic region of the 
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cortex at stimulation of tlae optic nerve or retina. (At stlmalatlon 
of the optic nerve 3 <iuick fluetuationa arise: the 1st, vith a length 
of O^T millisecond, is registered 1.6 milliseconds after the moraeat of 
stimulation; the 2d and 3d are superimposed on a slew pc«Jitive potential 
vhlch develops after the first quick impulse (iSarshall, Talhot, and 
Ades^ 19^3)* According to Chang, these three quick fluctuations express 
excitation of three groups of afferent fibers of different diameter 
(Chang and Kaada, I 95 O; Chang, 1952a). Chang proposed a hypothesis 
according to vhich these three kinds of fibers carry impulses of 
excitation from three types of color-receiving receptors of the retiisa, 
lowever, it Is still isspossible to ccaasider the occurrence of the three 
quick fluctuations as clarified (Gragg, 195 ^). ) A negative potential 
several millisecc^ads in length can precede the positive potential 
registered in the auditory region of the cortex duidng sound stimulations 
(Mickle and Ades, 1953). initial negative potential apparently 
e^esses arrival in the cortex of affox^t iMultes (^aer aM eo^orkers, 
195*^'! teikashvili, 1955) # is^ich were recorded by Tunturl (19^9) iu the 
auditory region of the cortex In dog. A group of ’‘peaks”, i.e of 
quick fluctuations of axmic origin (Boltbak, 19^) or an initial negative 
potential (Scherrer and Oecoacaaos, 195^), precedes the positive potential 
registered in the skin xegibn of the cortex, At stimulation of other 
receptors and of the sensory nerves afferent impulses failed to be 
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before the eloir positive potential. Afferent in^pnlses 
■which cojae to a corresponding area of the cortex are registered 
frou the surface of the cortex, as already said, in far from all 
cases, ^ch is probably stipulated by poor conditions of discharge 
of tuiek fluctuati<ms from the cortical surface, 

Adrian {l^ifl) with the help of a needle electrode sunk deep 
into the cortex In the region of the cutaneous projection recorded 
’‘iB^pulsatinn” in the separate afferent fibers that arose in response 
to skin stimulation. At tactile stimulations short discharges 
arose. At stimulation of the receptoi^ the freq,uency pressure of 
”ii^ulsati<m^‘ reached 100 per second and a discharge could last up 
to 2 minutes. Sometimes an aftereffect was observed in the form of 
discharges of impulses at a rhythm of 10-20 per second. As was 
eaplained, this aftereffect is of thalamic origin, and the iarpulses 
issue from those cells of the thalamus which were excited by peripheral 
stlawlatloa. In the recording of fig, 57 , a, it is seen that, after 
the initial group of afferent ingjulses, a slow positive potential 
arisesj however, on the background of it end for a long tims at its 
coimdletion impulsation’’ c<^inued at a rhythm of about 50 per second. 
It can be considered as an aftereffect from the tbaXamus. 

As already said, the slow positive potential arises without 
]^use after a shods of excitation of the afferent fibers, 
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Coasequently, the latent period of the primary reopoii&es is 
determlaed hy the tiae necessary for the afferent iispiilBes to reach 
the cortex, At etinwlation sensory nerves it e<iiBled 2. 3-12 
ittlllisecoads. At stimulatim of the nerves of a front extremity 
the latent period was shorter than at stinwlation of nerves of a 
Mad e:ictreiaity. At stimulation of the chorda tympani, a nerve containing 
fine fibers, it is greater than at stlaailation of the a. llngualis that 
contains thick fibers too (10-12 milliseconds and 6-8 milliseconds, 
respectively). At adequate stimulations of the receptors the latent 
period is very lengthened, since the time needed for excitation of 
the receptors is added. For example, the latent period of the primary 
bioelectrical reaction of the optic area of the cortex in response 
to exposure of the eye to light equals 17-25 milliseconds; and in 
response to electrical stimulation of the optic nerve 2.3 milliseconds 
(Marshap and cofrorkers, 1943 ). 

The majority of Investigators think that the initial positive 
jK)tentiBl is a cortical ^leaomenoa, i#e, that it is connected with the 
activity of the cortical neurons (Cfershunl, Bremer, Iccies, Artem*ev, 
Cha^, Berltov, et al.). Still 1*ere is a hypothesis that it ts 
connected with excitation of idjs afferent fibers of the cortex (Adrian, 
194X| ICcmaier, 19^). I3ie greateo' 8i®>lltude and lengtdi of the Initial 
positive pot^tial is explained by the fact that it reflects not so 
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potentials of these fibers. Fimlly, the hypothesis has been expressed 
that this potential reflects the aotlidty not of the cortical but of 
the thalarale eleisents ^ that it is the result of electrotonic spread 
Of potentials from the corresponding nucleus of the thalamus along 
the thalamo-cortical fibers (Adrian, 19*^1). However, in the first 
place it is difficult to explain from this point of view the fact 
of the iatensiflcatim of the positive potential at strychninizatlon 
of the cortex and, in the second place, the positive potential 
(expression of the depolarization of the thalamic cells) must some- 
what precede the affei*ent iu^ulses. (i.e. the discharge of the thalamic 
cells), because from this point of view it Is the cause of their arising. 

The following facts speak in •ftivor of this, that the Initial 
positive potential is an expression of the activity of the cortical 
!ieur<^s, 

1) It is intensified at local application of a number of substances 
to the cortex: a) Strychnine. At local strychnine poisoning the 
amjaitude of the positive potential of the primary responses provoked 
In the skin area of the cortex at stimulation of the sciatic nerve is 
increased (fig. 63 ), This was likewise ascertained in respect to the 
primary responses of the optic region (Clang and HAada, 1950) and of the 
auditory area (Bremer, 1^3# 1952)v b) feratrlne (aoldring and O’Leary, 
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1954 ). c) At^pine (Chatfield and 195^). d) A solution 

of novocain (Qoldring and 0*liearyi 1^) « 

^^) It abatea at local applicatim of a number of substanceB to 
the cortexj a) Hovocain (35^ solution). At local poisoning with 
novocain the positive ^tentlal can disappearf the thick biocurreats 
preceding it cannot thereby be altered (Chang and Kaada, 1950). b) 
Acetylcholine (Artem*ev, 1951i Chatfield and Purpura, 195^). 

3) If the discharge electrode shows pressure on the cortez^ then 
this leads in time to coajplete elimimtion of the positive potentialj 
the biocurrents of the afferent endings are not thereby changed 
(Chang and Kaada, 1950)* 

If) llhen the wave of slow-spreading depression of cortical 
electrical activity reaches a given projection region of the cortex, 
the priisry bioelectrical effects produced by corresponding peripheral 
stiamlation are sharply attenuated (Leao, 1944,* IfershaU, 1950 ); in 
particular, the initial positive potential attenuates j the quick 
blbcninrents isfecedlng it are unaltered. 

All l^se data indicate that the positive slow potential is 
stipulated by excitation of the cortical neurons, (Abateia^t or 
disappearance of the positive potential daring anosia (Chang and 
Kaada, 1950), during anemia, and under the effect of curare (Ostow 
and mrcia, 1949 ) can be stiplated not only by a worsening of the 
functional state of the cortical neurons but by abatement or cessation 


itmm 
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of la^iilsee ffom sulscortioal oelX», "nhich also ujalargo injarioias 
influences tlasre are t^es© two effects on tDe organismi so that 
these facts cannot serve as iirect proof timt the positive potential 
renects the activity of the cortical Muroas. ) 

When a positive potential arises in pure form, 1 * 0 , ton no 
slow negative potential follows after it, then it lasts about 10 
laillisecGnas, fhe length of the reaction being considered agrees 
well with the position that it is the result of local potentials* 

As we have seen, a mgnitude of the order of 10 lailliseccmds 
characterizes the length of local potentials in ^ i^uronic elfianents 
of the various parts of the central nervous system, 

At slicing the discharge electrode deep into the cortex the 
maximsl negative potential is regist®:*ed at a depth of about 0,6 m, 
i.e, at the level of layer I?, 3Sxis potential is localized, since 
at the level of about 0,h m an ^invei^ion” of the potential occurs: 
here no definite potential is discharged, but from the surface (from 
layer I) a positive potential is discharged. 

Tbs facts which Aiaassian (1953) obtained by using glass electrodes 
l.g-1^ micrcms in diameter fully correspond to facts which were obtained 
3n the ©Kperifflsnts described above (wll^v electrodes 6040 microns in 
diameter). According to Ms data, In response to stlraulatl(Ki of a nerve 

from the surface of the cortex and from a depth of up to mm, (from 

. ■ ■ ■ ■ ■ ' ■ ' 1 
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iBjer II) a poaltlw iK)tential is xegifitered, the aB©lit«ae of Vhich 
at einkiBg the electrode laore deeply progpeesively difflinishes (fig. 

73 - 1, 2, and 3). Ircaa a depth of 0.6-0,95 m. (froa layer IV) a 
ne^tive potential Is registered, ooapllcated hy high-roltage (juick 
potentials (fig. 73 - aegative potential has 

greater aBiplitnde in layer IV than in layer V (at a depth of 1.2 m* h 
(According to the data of Cragg (195^), "inversion" of potential is 
observed at a depth of 1.25 but fflaximal negative potential 
is registered fron a depth of 2.25 m. (i.e, under the cortex, inas- 
much as the thickness of the cortex in Idle region of the gyrus 
sigBJoideus post, equals 1,8 m, according to the data of Li and 
yasper, 1953)* ) 

(legend to fig* 73, textp, 168: Bioelectrical potentials 
registered by njeans of a aicroelectrode 1,2 microns in diaiaeter 
frcKB different layers of the cortex in the region of the skin 
analyser at stimulation of the ulnar nerve, 1 - electrode m the 
surface of the cortex. 2 - electrode sunk to a depth of 120 
microns (layer I). 3 - electrode sui& to 200 microns (layer II). 
t - to 600 microns; 5 « to TOO microns (layer IV); 6 « to 950 
microns (boundary of layers IV and V); 7 electrode in ^te 
natter, at a dept^ of 2650 microns (according to Amasslan, 1953)-) 

Ixperlasnts vith the deep sinking of the discharge needle 
elective into the optic cortex (Jfershall and coworkers, 1943; 
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Gyagg, and into the auditory cortex 1951i KarikaBhvili, 

1955 ) gave in general the sam results; change of sign of potential, 
aaxinial negativity in the Mddl© layers of the c<nte», etc. 

Bishop and coworkers at investigation of the optic area of the 
coitex used, as said, another schaae of deflection of biopotentials 
from 'various layers of the cortex; hut they also mm to the conclusion 
that the positive sloir potential arising at stiimlatlon of the optic 
nerve indicates the negativity of the intddle layers, i,e, of the layers 
where the afferent fibers ©ad (Bartley, 0*Leary, and Bishop, 1937; 

Q*I,©ary and Bishop, 1938), 

fhus, under the influence of afferent ia^ulses arriving in the 
cortex, local excitation and a local potential corresponding to it 
arise in the bodies of netETons of layers IV and III, 

Barlier, on the basis of experiments with stimulation of the 
surface of the cortex and with registration of potentials frc»a different 
layers of the cortex and fr<aa different points of its surface, a 
coMlUBlon was made on the extraordinary local t«ality of the biopotentials 
that arise in liie top dendrites, ^ same conclusion can be made with 
regard to the local potentials that arise at the arrival of afferent 
impulses in the cortex: local excitaticm is limited by the bodies of 
the neurons of layer IV (inasmuch as the negative potential is not 
repstered from the top layers) and a local potential is not spread 
upward from laie cellular bodies through the dendrites. On the other 




f 
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1^1 arising in ths twdies of 13ie aawrons of la^ 

If are not spread horizontally to newronic eleiseiits lying in a row, 
la cortex at stimalation of a small grc^ of afferent fibers a 
focus of a territory of apiiroximtely 0,^ mi arises, fr<M iMch 
respcmse pototials waxlaial in es^litude are registered. At towing 
the discharge electrode laack 0,5-1 m, the amplitude of the potentials 
is reduced| hut the effects deflected at these adjacent points are 
not a conseq.imce of physical or electrotonic spread of potentials 
from a focus of maxifflal activity, since the response potentials here 
set in with a different latent period (Marshall aaad coworhers, l^lfl^ 
Adey, Carter, and Porter, l^). •Hhus, a local potential is registered 
namely at that point of the cortex Where a discharge of afferent 
ijipulaes comes, l,e, it spceads neither in a pwely physical, nor 
vertical, nor horizontal direction, Ihe territory of its deflection 
agrees with the territory of its arising, (As indicated, at sinking 
a microelectrode down lower than layer 0, the aagilitude of the 
ne^tive potential progressively diminishes, lowever, it continues 
to register even at a depth of 4 inaw , i,e* fr^ the White matter, 

!Shi8 was observed la my experiasats* I was able to come to this 
conclusion on the basis of te rewdlags of Marshall (l94l)> Aaessiaa 
{I953)i Ato and Broctort (1?50), iSferika^ii (1955), Terzeano, 
Iiiadsiey, and Magoim (im), and turiis (I940)i. Perhaps the slow 
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fvm tbe st^beo3?tical fibers, agreeiag 
is tiias jae^ttve poteatlel in the eortex, is the result ef 

electrotfiittie reaction of the fib^ in ^uestlm, stlplated by a 
lo^l potential of the eortical neurons, m %hioh the fibers in 
question termlaate or from ^leh they 'b&m their start (see Chapter I), 
ma faet has not attrasted attention and retnl^es special experimental 
anaiysis,) mm&v, from the surface of the cortex a positive potential 
is registered at this tiiae* 

At the arising of a local potential in the body of a neuron of 
layer W a difference of potenti^s arises between the body of the 
neuron and its dead^tes. It is neoesiary to sesume that the positive 
potential dischari^d from the surface of the ccwtex is the result of 
the positive polarization of the dendrites ascending into layer I 
frcm the cells of layer IV (dendrites of the association pyramids and 
of the fueifcsm cells, as well as the dendritic branches of a nui^er 
of neurcms with short axon)* fhus, by stipulating the positive 
polarization of the ascending dendrites the lo^l potential of to 
ceUular bodies of layer If receive toir electrical expression at 
deflection from to surface of to (tors are facts whitdi 

ijpdicate tot at to arising pS lo<^l excitation (local potential) 
in to bodies of to cells of layer If an electrotcnic mction occurs 
of to am# of tose cells tot proceed into to white matter (see 
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abote). On th© other haad^ a poaltiw polariaatioa of the donaritee 
of 1^60 eella ooours teeby* !aitiS| the ijRpresslon Is created that 
the local potential in the body or the dendrites, cans©® perielectrbtpale 
reaction of the tmaxclted part of the cellnlar somj the local potential 
of the body of the cell proyckes an eleetootonie reaction of its axon, 
Wmmtf the tnmdnllated fibers, particularly axons of cells «lth 
short axon, onght not develop an appreciable electrotonic reaction: 
it IS i?ell knomi that in anoiedullated fibers the electronns spreads 
for a lesser distance than the local potential (Hodgkin, 1938), ) 

!mus, the characteristic positive potential registered fvm the surface 
of the proiectiOR territories of the ccnrtex in response to peripheral 
stiamlati<m is the expression of regional excitation of the cellular 
bodies of layer B", leaich arises under th© effect of the blocurrent 
of the symptic endings of the afferent fibers. 

We have seen that the dendritic potential, i.e. the local 
potential, ^ileh aritti la the top dasidrltes at stiiDulation of tiie 
cortical surface is soiaewhat intensified under the action of O.lfS 
strychnine. The positive potential at local strychnine poisoning 
of the cortex is also sonewhat intensified, it being intensified 
laore during the action of a 0,ljl solution than of a IjJ solution 
.(Fig. 63). this fact can serve further an illustration that 
reglcBal eKsltatlon cws lie Intsensiflisd unflsr the effeet of stryehalne. 
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CoacmlBg alteration of the posltlye potential at intenalfloatioa 
of perliteioX stlaulatioB, At IntenaifioatloB of perlitoral stifflJlatlOT 
to amplituae of to poBltlTO potential Is nsaally Inomsed. (For 
slmpUetty of aBBiysls in this paragraph only such (jases are ctsislilsrea 
whereiaj because of one reason or another, reaction is llolted to 
peripheral stlaalatlons by to arising in to projection territories 
of to cortex of pure posltto potentials, after toeh no additional 
fluctuations of biopotential folio*.) At intensification of peripheral 
Btlmulation increase occurs of tosattber of peripheral fibers excited. 

The fact tot this occurs in case of direct electrical stimulation of 
a sensory serTO retulres no explanation. Seweyer, arm at stimulstlon 
of the {Mn *ith one short electrical stimulus the intensification of 
stlmaation leads to irritation of a greater nuitor of skin rscepters 
(Dsidzishylli, 19 h 8 )*s at sound shock of •various intensity a different 
nuitor of auditory receptors is excited (Gershunl, IpkOa). (%ot 'to 
sp^ of to fact tot at intensification of elsclaieal stliaulatioE 
of to skin different kinds <tf skin receptors begin to be irritated. ) 

At iuper^s© of tii® of recited poripiiesfal fibers sxcltatioii 
of a grater ataber of tbaMmlo ocotirs aadr as a ooaasetaeuee 

of this, ijierease of the nuBiher of bow activated in layer I?, 
heoatiBe to e^ch nouroa of layer 1? colla'torals from W3S^ afferent 
imrn and in one and the same ooUs of layer 17 at Intensification 
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of tise peripheral stiaulatloa, l.e* at iaereaee of. the amber of 
excited fibers ^ a more eaergetic re^oaal excitatioa can 

develop, (%iis issms from the works of Marshall and coworkers 
( 1941 ), Adrian ( 1941 )/ teissiaa (1953) > &t al,) 

Ftarthermore, at intensification of stimalation of the skin 
receptors fre^wcy Increase of excitation iijpulses occurs (Adrian, 
1932; Dsidzishvill, 1948)* At increase of intensity of sound 
stimulation the nuidser of impulses increases in the separate 
fibers of the auditory nerve (Qalarabos and Davis, 1943; Tasaki, 

19 ^). 

Frequency Increase of efferent "iBsmlsatlon" should lead, 
on the one hand, to increase of intensity of regional excitation of 
the given neurons of layer IV of the cortex* On the other hand, 
this can lead, because of sumatlon of excitation in the neurons 
of the thalamus, to increase of number of the tbalamlc neurons 
excited hnd to increase in the numiber of cortical afferents excited, 
i,e, to the phenomenon already considered above. 

Thus, at different intensities of peripheral stii^atina 
there occurs not only activation different in intensity of one and 
the same cortical neurons but also activation of a different number 
of neurons, since at intensification of the stimalation additional 
neurons are drawn into reaction* In other Words, at different 
intensities of peripheral stimulation complexes of neurcms different 
in a quantitative respect are activated in the cortex already directly 
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imder the effect of the afferent iopulsee. 

In experiments on deeply narcotized animals this is eleetro- 
graphically expressed in the fact that at intensification of the 
peripheral stimulation first an increase of the amplitude of the 
positiye potential occurs (vhlch the ”pri®ary response"' of a given 
projection territory of the cortex amounts to in these conditions 
of experiment); secondly, an increase of peripheral stimulation 
leads to a certain increase of the territory from vhich the positive 
potentials are discharged. (This issues from the data of Mickle 
and Ades, 195a) 

As said, at intensification of the peripheral stimulation the 
amplitude of the p^ositive potential is increased, hut the limit 
is reached very pickly and further intensification of stimulation 
does not lead to increase of the biopotential. Furthermore, attention 
is turned to the fact that both at stimulation of the fine nerves and 
at stimulation of the thick nerve trunks in the cortex biopotentials 
arise of approximately one order in the sense of their amplitude, 

At electrical stimulation of a smll portion of skin, i,e, at 
stimulation of a small number of skin receptors, in the skin projection 
territory potentials arise the mgnitude of which frequently approximates 
the magnitude of the potentials registered in this territory at energetic 
electrical stimulation of the sciatic nerve (Pigs, 58 and 59), This 
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paradoxical phantom can eaail, expUtaed .y proceeding iron the 

fact that in dimmt part, of the cntaneoua 

of the cortex different parte of tl« skin surface are repreeented and 
that the hioelectrlcal potential, are extreaely local. At a given 

point of the cortex a e«U portion of the>.in i. 

example, of the hind paw). At etinulation of thi. portion at a 
^ven point of the cortex a focus of greateet activity arise., i.e. 
tore hiopotential. of the greate.t amplitude axe registered. At 
,^1 etiolation of the eclatic nerve the hioelectrical potential 
et a given point of the cortex i. not increased och, since here 
*iuly the effect of the excitation of fibers proceeding into the 
common Of the sciatic nerve from the corresponding part of the 
IS registered. Excitation of numerous fibers of a nerve irunk 

proceeding from other imrtscf the skin leads only to a littW 

intenslfloatlon of the hloprtentlal of a given point of the cortex. 

Certain inteneifleatlcm of the biopoten^ 

Of afferent 

^ point a in the cc^l point a is excited not only at etiolation 
of point A'of the «dxin hut also to a certain degree by stimulation of 
a point of the skin lying in line (HarsbaU snd ccworkers, 1941 j 
A a^ian, 1941). Aoeelan (1953), who showed that a given neuron from 

Shin projection territory of the cortex can he activated at stimulation 


Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6 







Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6 



- 323 - 

of different nems of a for© eartreaityi gave direct proof of tlie 
convergence of afferent fibers at single neurons, 

Thus, energetic stlnailaticxa of the sciatic nerve leads to 
activation of a larg^ portion of the cortex correspJMidlng to the 
projection for the skin of a hind extremityj hut at each point of the 
territory activated the ai^plitude of the response hiopotentials 
does not conslderahly exceed the aug^litude of potentials arising 
at stimulation of small portions of the skin, ^The same phenomen^na 
is observed also at stimulation of other amlysors, and, finally, 
in these cases the same eaplanation must he given to it* 

Tariahility of "primary responses". As iwas indicated, the 
primary responses change from one peripheral stinmlation to another 
in regard to amplitude, length, and configuration, It is veil 
known that nerve fibers too disclose "spontaneoUB" changes of 
excitability, viiich is apparent in fluctuation of the thresholds 
ofijieir stiBRjiatloa, One would think that, at adeqiuat© or electrical 
stimulation of the receptors, stimulation shows on some of them a 
near-threshold effect and, because, of "spontaneous” changes of their 
excitability, some of them would then be excltedj this is not so. 

As for the central nervous system, identical discharges of impulses 
proceed from tlie periphery. However, this phenomenon also occurs 
when a nerve trunk Is stimulated by eleetricaX stimuli of maximal 
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inteneity, i.e. the mriahiXlty of the prlmry effects caimot poseihly 
he attrihuted to a change of the exeitahillty of the receptors. It 
is possihle to a 3 S^Bl» that the alterahility of direct cortical hlo- 
electrical reactiom depends on changes of excitahillty of the snhcortlcal 
centers, particularly of the corresponding nuclei of the thalaiHus, because 
of which in the cortex, in response to on© and the same peripheral 
stiittulations, discharges of afferent in^ulses, different fxm mojaent 
to moment, set in. However, it is possible, all the same, to coadade 
that the phenomenon being considered reflects changes of the excitability 
of the neuronic elements of the cortex. The foUowing observation made 
by Bishop and Glare (1953) speahs in favor of this. In the optic 
territoiy of the cortex, in response to single stimulations of the 
optic nejrve following one another, primary responses arose in the form 
of positive potentials, the solitude of which changed from one stimula- 
tion dioch to another: sometimee negligible potentials arose, sometimes 
(|uite considerable ones. However, the magnitude and character of the 
preceding ^uich biocurrents (afferent impulses) remained strictly constant 
at this. Thus, la response to identical discharges of afferent impulses 
coming to the cortex, slow positive potentials of very different magnitude 
can arise. 

fhe variability of ihs primary, respot^si is i^peclally marked at 
li^t narcosis. At deep narcosis, when '‘spontaneous” electrical activity 
of the cortex is depressed, peripheial stimulatloas produce stereotypic 
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Moeleetrical reaction. It laaa been deiaonstrated that variability 
of primary responses is connected vitb "spoataneons” electrical activity 
(Marshall and coworkere^ 1941), Chang (l95l) established that the 
aiaplitnde of the priaai^ response of the auditory territory of the 
cOil 36 x periodically increases and abates in respect to one or another 
phase of “spontaneous'* mves of the type of the alpha-mesj the 
period of cyclic changes of the aaplitude of the primary response ecuals 
100 ajillisecondfl, l.e.' the length of the alpha-vave. tEhe positive 
potential has the greatest an^litude if it develops at the moBHit 
when the alpha-wave reaches the summit, and it has minimal au^litude 
when the alpha-wave damps , According to Chang, this is the expression 
of cyclic changes of cortical excitation stipulated by the activity 
of the nerve circles of the cortexf^thalamus. 

Up to now it has been emphasised that in the different projection 
territories primary responses Identical in character arise, but there 
are differences among them. One of them consists of this, that in 
the different projection territories of the cortex the ’lii^er rhythm” 
of the primary responses is dlffeirent. As said, in one and the same 
animal in the skin projection territory primary responses can arise 
to a stimulation rhythm with a frequency of peripheral stiraulatlcai of 
50 per second, but in the auditory pjjojectioa territory the primary 
respcmses follow a lower rhythm of stimulation, !l!he “higher rhythm” 
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of the pria&ry respoEuses of the auditory pro^ectlGn territory is 
hi^er thaa optic (Harihashvili, 195^)* ^ phenoiaenoa described 
can depend not only on the difference of functional properties of 
the neuirons of the different projection territories of the cortex, 
but also on the difference of the mechanism of activity of the dif- 
ferent thalamic nuclei. (Becently data were obtained in favor of 
the cortical origin of this phenomenon (Smirnov, 1955) •) Bince the 
pestioa of the transmission of excitation in the separate nuclei 
of the thalamus has been insufficiently studied, then it is in^ossible 
to give a definitive Interpretation to the facts described above, A 
second distinction consists of the following. In the course of 
narcotization or at asphyxiation the primary responses constantly 
attenuate and, finally, dwindle to nothing, but in the different 
projection territories of the cortex the answering bioelectrical 
reactions do not cease simultaneously. At deepening of nembutal 
narcosis the amplitude of the primary responses that arise at stimulation 
of the vestibular nerrb quickly diminishes, and they cease to arise at 
that depth of aarcoslB at which other foanas of stiiaulation give primary 
responses in the corresponding projection territories (Mickle and Ades, 
195^), At ihhalatioa of carbon dioxide^^^, pr-lmary responses fpeatly 
attenuate at optic stimulation, whereas prlisary responses to sound 
stimulation are even intensified (Qellhom, 1953)* Harikashvlli (195^^) 
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ndtes greater sensitWty to narcosis of optic responses as centred 
vitt the auditory, l^sy to observe too Is the phenoiaenon of the 
greater sensitivity of primary responses of the cutaneous projection 
territory of the cortex nhen coispared with primary responses of the 
auditory projection territory. Thus, the projection territories of 
the cortex can be arranged in the following order on the basis of 
this, how piokly they cease generating primary responses at 
worsening of the functioml state: vestibular, optic, auditory, and 
cutaneous. Apparently this order corresponds to the order of the 
falling out or infringement of the corresponding perceptions in man 
at deterioration of the functional state of the brain (anoxia, 
anemia, etc. ) and when there are certain physiological conditions 
(at the "dead center” of sportsmen). By what is this phenomenon, 
the different sensitivity of the neurons of the various projection 
territories of the cortex or the different sensitivity of the neurons 
of the subcortical (thalamic) nuclei of the corresponding analysers, 
stipulated? In the optic projection territory of the cortex tmder 
the effect of carbon dioxide not only the primary responses quickly 
attenuate, but the "spontaneous” electrical activity dwindles to 
nothing, while in the auditory projection territory the primary 
responses do not abate and only a certain attenuation of the "spon- 
taneous” electrical activity is observed (aellhorn, 1953 )* This 
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fmt is not fully su’bstantiated; since the intensity of the "spontaneous” 
electrical activity of the cortex depends not only on the functional 
state of a given territory of the cortex hut also on the functional 
state of the thalamic nucleus connected ntu it. However, proceeding 
from a well-lmawn position that the cortical neurons are far more 
sensitive to different injuries than the neurons of the subcortical 
nuclei, it is possible to think that the different rate of disappearance 
of the primry responses in the different projection territories of the 
cortex testifies to functional differences of the neurons of layer IV 
of the different projection territories. 

Origin of the negative potential of the primary bioelectrical 
reaction of the cortex, At light narcosis peripheral stimulation 
provokes In the corresponding projection territory of the cortex a 
"primary response" that consists of a positive slow potential, after 
which a negative slow potential follows. It is characteristic that 
the same effect arises in response to electrical stimulation of the 
middle layers of the cortex (Bishop and Glare, 1953) • 

A great number of facts indicate that a negative potential 
arising after an initial positive oue is stipulated by excitation 
of the cortical neurons. 

i) It does not arise at deep narcosis, which was noted by 
many authors^ and when the functional state of the cortex ms poor, 
caused for example by drop in blood pressure (Bremer and Bonnet, 

iM’ 
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2 ) During anoxia it disappears appreciably earlier than the 

■ 

Initial positive potential (Chang and KaadSi 1950)* At pressing 
the carotid arteries it attenuates considerably more highly than 
the initial positive potential (Mrlan, 194l). 

3) it fulciay disappears at local poisoning of the cortex by 
nembutal (Marshall; lalbot; and Ades, 1943). It disappears first 
and foremost at introduction of malononitrile (a compound that 
gives off ICN); then the aisplitude of the positive phase diminishes 
only progressively {Goldring, O^L^ry, and lam, 1953). 

4) It attenuates and disappears In comection idth increase 
of frequency of stimulation nwre quickly than the positive* For 
instance, in narcotized animal with adequate stimulations of the 
skin at a rhythm of 5-10 per second the negative potential quickly 
disappears, and the stimulations begin to provcjke only positive 
potentials (Adrian, 1941). Ihe same Is observed in experiments with 
electrical stimulation of the skin at a rhythm of 5 per second 
(Scherrer and Oeconomos, 1954) and in experiments with stimulatlcm 
of a skin nerve (Ghatfield and Purpura, 1954). Ihis phenomenon is 
described too in respect to priiaary responses to sound shocks 
(HarlkashviU, 1955) v 

5) It attenuates and disappears at prolonged peripheral 


st&lations (fig. 61), 
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6 ) It is extraordlmrily iirtenslfiea under the effect of 
st3?ycimine (fig, 63 )* If stiaulatioa causes only a positive potential, 
then after poisoning of tib.e cortex vlth strychnine it begins to cause 
si^tueat negative potential too (Bremer, 19^9), Fyrotoxin too 
influences in the same vay (Marshall and ceworkers, 19^3), 

Begative potentials discharged from the surface of the cortex, 
as we have already seen, a3?e an expression of the activation, of 
the regional excitation of the neuronic elements of the surface layers 
of the cwtex, of elements with which the discharge electrode comes 
in contact. However, excitation of the elements of the surface layers 
does not exclude the possibility of simultaneous excitation of the 
elements of the deep layers, for instance, when at stimulation of 
the surface of the cortex after a dendritic negative potential a 
supplementary negative potential arises, then not only elei^ts of 
the surface cortical layers but also elements of the deep cortical 
layers are, found in an active state of this* it sinking the discharge 
electrode deep into the cortex change of sign of the supplementary 
flucti^tion does not occur and in the depths of the cortex an 
additional ae^tive potential is registered (whereas the initial 
dendritic potential in the deplhs of the cortex changes its si^} . 

Or,, for exwaple, from the surface and from all layers of the cortex 
synchrcsnous "spontaneous” fluctuations of identical sign are simultaneously 
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discha 3 *g 0 d (yigs. l 6 , 67, aM 68 ). However^ iJa regard to the negative 
potential that arises at peripheral stimulations, at laminar study 
the same phenomena are ohserved, say, as are observed at a similar 
study of the dendritic potentials arising under the effect of impulses 
frcsa cortical layer I: at sinking the electrode to a depth of O.S- 
mm. the sign of the potential being Investigated is changed 
(figs. 66 <- 68 , 73)* Consequently, the negative phase of the prlraaify 
response is stipulated by activation of the neuronic elements of the 
surface layers of the cortex. From the middle and deep layers of 
the cortex at this time a positive potential Is registered, fhis 
indicates that the negative potential is connected with activation 
of the dendrites of such neurons as occupy the greater pert of the 
thickness of the cortex, i.e. mainly the pyramidal neurons. Ijtperlments 
with simultaneous discharge of potentials from different layers show, 
tethermore, that both in case of activation of the top dendrites under 
the effect of impulses from the fibers of layer I and in this ease, 
they are activated by in^ulses from another source, local non- 
spreading excitation arises in them, 

!fhe facts obtained at Xamlnar study of the optic cortex suit 
hypotheses on the localization of the potentials and on the electrical 
fields arising because of excitation of the cortical cells by afferent 
impulses, negative potential, arising after the positive at 
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stliaulation of tiie optic nerve, takes possession of the upper half 
of the tMcloaess of the cortex, the laaxiraal negative potential 
•being generated hy elegants of the upper third of the cortex (Bartley, 
0*Leai?y, and Bishop, 193Tl O’Leary and Bishop, 193®), 

Likewise, the fact that it can he selectively depressed at 
surface theriBocoagulation of the cortex (IreiBer and Bonnet, 19^9; 
Bremer, 1952) would indicate that the negative phase of the primary 
response Being considered is connected with regional excitation of 
the neuronic elements of the surface layers of the cortex. 

Activation of the neuronic elements of the surface layers 
after arrival in the cortex of a discharge of afferent ia^ulses 
certainly is stipulated hy excitation, by discharge of the neurons 
0 f layer IV. At examination of histological data on the neuronic 
composition of layer IV of the cortex, it was said that this layer 
has grater possihilities for excitation of the surface layers; 
in this layer there is, on the one hand, an extremely large nuafcer 
of neurons with axcai ascending into layer I; on the other band, 
association fibers that go out from the pyramid cells of layer IV 
give off collaterals that ascend into layw- X# At excitation of 
the indicated neurons, the excitation impulses must be transmitted 
upsard and. provoke in the neuronic elements of the surface layers 
regicajai excitation, the expression of vdiich Is a negative potential 
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diflcMrged trcaa the surface of the cortex (Boitbak, 1953^) • Wck 
ijapilBes precede this slov aegatlve potential, fhis can be explained 
by the nomyncdironous disclarge of the neurons of layer I?, i.e. 
the nonsyachronous arrival of in^pulses from the ascending asms and 
collaterals to elements of the surface layers* (Coapire the fact 
of the absence of quick impulses before additional negative anteior- 
root potentials stipulated by "iapulsation*' from the intermediate 
neurons^ as well as the fact of the absence of quick Impulses before 
additional negative potentials in effects caused by direct stimulation 
of the cortex. ) 

Ihus^ the negative potential arises at direct stimulation of 
the cortex immediately in response to stimulation, it arises during 
certain conditions after the preceding, and finally it arises at 
peripheral stimulations after the initial positive potential. In 
all these cases it is stipulated by one cause, the arising of regional 
excitation in the top dendrites of the pyramidal neurons. In the 
first case the dendritic branches of the pyramids arrive at a state 
of regional excitation under the influence of iispulses frcmi the 
fibers of layer I j in the second case they do so under the influence 
of impulses from neurons mainly of layer II (see p, 6?), and finally 
in the third case It is under the influence of iimpulses fr(^ the 
neufons of layer IV. IJhen excitation reaches the cortex along the 
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data can need for clarification of the arising of 
irapulses of excitation in the neurons of layer 17 , 

Eeglonal excitation arises under the effect of afferent 
in^ulses in cells of layer Wt Since a slow potential arises 
without pause after the afferent ia^ulses, then eTidently trans- 
mission of excitation from the synaptic endings of the afferent 
fibers to the bodies of the neurons is effected throu^ currents 
of excitation. If It is assumed that the neurons of layer IV are 
stimulated by Impulses in their own axon when their regional 
excitation reaches a certain critical magnitude and that this 
critical moment is the closer to the beginning of the arising of 
a regional excitation the hi^er the excitability of the neurons 
of layer IV, then it is possible to explain a whole series of 
oscillographic recordings* 

Analysis of the biopotentials discharged from the surface 
of the cortex at the arrival of afferent impulses is quite complex 
in conqparison with analyBis of the biopotentials of the anterior 
roots of the spinal cord* At the discharging of a potential from 
the axons of the motoneurons, we record btoelectrical potentials 
connected with the activity namely of these neurons, the potentials 
flrectly generated by them* In the case In question the activity . 
of the neurons of layer IV must be judged Indirectly: as to their 
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regtaoal excitation, Judged on the basis of the positive potential 
-discharged from the surface of th® cortex, i*e, of the positive 
polarization of the dendrites ascending into layer I, stipulated by 
the local potentials of the cellular bodies j as to diseharga of 
impulses into their axons. Judged on the basis of the negative 
potential discharged from the surface of the cortex. Moreover, 

3 circuffis-tences that coa^llcate analysis must be taken into account. 
First, far from all neurons of layer IF have dendrites ascending 
Into layer I, 33xus, the amplitude of the positive potential 
discharged from the surface does not express the actual number of 
layer IF neurons activated, and it can even be assumed that at 
excitation of a group of neurons of layer IF, because of the above- 
mentioned clrcuastanc© a positive potential cannot be registered 
:ftrom the surface of the cortex. Secondly, far from all neurons of 
layer IF have axor»l connection with layer Is part of the neurons 
with short axon send their axons dcwnward or horizontally,* thus, 
the aa^pUtude of th© negative potential discharged from the surface 
of the cortex does not reflect the actual numiber of excited neurons 
of layer IF, and theoretically it can be assumed that excitation of 
a ^oup of neurons of layer 2T can occur without a negative surface 
potential arising, thirdly, regional excitation of the neurons of 
layer IF and tbe excitation Impulses spreading from these neurons 
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stlpylate tbe arising of potentials of a different sign, electrode 
on the surface of the ccxrtex registers the result of the algebraic 
swsatlon of potentials different in sign. When a positive potential 
is discharged from the surface of the cortex, then this can only mean 
that at the ffiOD^nt in questitm the potential of layer 17 is dominant. 

When a negative potential is discharged, then this can only mean that 
at the moment in question a potential of the surface layers dominates. 

At simultaneous discharge of potentials fromhiyer 17 and from 
the surface of the cortex it is possible to state that the negative 
| 0 tentiai of the cortical surface develops after discharge of many 
neurons of layer 17. As seen in Fig. 67# the electrode in layer 17 
at first registers a slow negative potential, covered with quick, 
minute fluctuations. Shortly before their r^chlng a maximum several 
powerful quick fluctuatioas arise, ^‘ust after this, ne^tivity of 
the cortical surface develops. Ividsntly at this time excitation occurs 
of the main mass of neurons of layer 17 that are capable of being excited 
under the effect of the stimulation app).led. 

On the basis of known data it is necessary to think that during 
hei^t«aed excitability of the neurons of layer 37 first a volley of 
afferent h^ulses causes a discharge of a larger number of neurons, 
secondly a discharge with a shortened latent period arises in each 
neuron, thirdly each neuron is stimulated by a gpreater number of 
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liii|ulses {tmeBim, 1953). 

It is possible to conclude that the q.iiicker the excitation of 
the neurons of layer W arises, the less will he the anpUtuae and 
length Of the positive potential registered froa the surface of the 
cortex, iMch can result in a short potential lite a "peak' . As 
seen in fig. the first shook of stimulation of a sciatic nerve 
provoked in a corresponding part of the cortex a peculiar bioelectrlcal 
reactions the positive potential amounted to a quick fluctuation, 
after >ftiich a negative potential of greater an®litude arose. It is 
necessary to treat the wtamorphosis of the positive slow potential 
as the result and expressicai of nassive excitation of the neurons of 
layers 17 and III, haying followed directly after the arrival of a 
volley of afferent impulBes. It is characteristic that such effects 
are not observed at deep narcosis and during a poor functional state 
of tbe cortex. 

{legend to Fig. 7^, textp. 179s Bioeleetrical potentials 
dischsiied from the surface of the cerebral cortex in the territory 
of the skin analysor at stiimlatlon of the sciatic nerve. Cat Mo. i^3J 
surface narcosis. Effects 5 and 6 of recording 58 la enlarged form. 

In effect, at llse first shook of etimulattias the positive potential 
led to a quick fluctuation (as the result of mass excitation of the 
neurons of layere 17 and in), after ^Mch a negative potential 
arose of greater anslltade ( expressing rsgional sxcltatlon of the 









Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6 


-339- 

elemts of the eurface layers, arising under the influence of 
implses from the neurons of layers IV' and III), !Ihe second shoch 
of stimulation caused only a slow positive potential, expressing 
rei^onal excitation of the neurons of layers IV and III and arising 
under the influence of afferent iuQJulses (Boithak, 1953 h).) 

let this fact can he Interpreted somwhat differently. As 
said, excitation of the axons of the motoneurons can proceed even 
without the corresponding cells having been stimulated! the axons 
can he excited thanks to the stimulating effect of currents governed 
hy the local cellular potentials (see Chapter l). It Is possihle 
to think that such is the mechanism of excitation of the axons of 
the cells of layers III and IVj at the local potential reaching a 
certain critical size, the axons of the activated cells begin to 
be excited without the local potential having been cut short In 
the latter (Vig. 73)* Vrom this point of view it is also possible 
to explain the fact of the reduction of au^lltude and length of the 
positive potential in connection with the arising of discharges 
of impul^s in the axons of the cells of layers III and IVj the 
quicker and more vigorously the axons of these cells are excited, 
the more quickly and the more intensively will the negative potential 
arise! having arisen, it can completely mask th^sltive potential. 
In Harshall, falbot, and Ades * paper (1943) the following fact 
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ms reported, StiaMlation of the optic nerve of ti® opposite side 
provoked in the area striata a primary response in the form of a 
positive potential. If stimwlation of the nerve vas applied 23. 
milliseconds after brief exposure of the ipsilateral eye to light, 
that had provc^ed at the discharge point of the cortex a positive 
potential too, then it (l^e stimulation of the nerve) gave an 
entiiely altered hioelectrical reaction! instead of a positive 
potential, several quick fluctuations of an axonic character arose 
and, after them, a strong negative potential, 'fhls fact, not subjected 
to analysis in their paper, certainly is of the same order as descrihed 
above. In the case in question afferent impulses, hitting against 
the neurons of layers HI and 0 in the period of their heightened 
excitability and in the period of the beginning in them of local 
excitation from the stimulation that preceded, caused the discharge 
of ^ese neuroi^ and subsequent spread of Impulses of excitation 
throu^ the system of ascending axons. 

Similar facts have been reported in respect to priiaa37 
responses at sound stimulations. In one of Bremer ’s experiments 
sound shocks provoked primary responses limited by the arising of 
a positive potential. If 2 shocks Here applied with such an Interval 
that^ the td fell further toward the end of the positive potential 
provoked by the 1st, then the effect on the ad stimuiatlcn was 
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claafacterietically altered? a negative arose after the positive 
potentiali thereby the aagplitude and length of the Initial positive 
potential m& reduced (Bremr, 1952). In one of Harikashvlli^B 
e:^riBientB (1955) sound shocks caused two-phase (+-) primry 
responses, which the initial negative fluctuation preceded. At 
repeated stlmlatlons the latent period of the arising of the 
negative potential ms progressively reduced, i.e. the length of the 
positive ms reduced and, finally, the sound shocks began to cause 
purely negative potentials. 

It is characteristic that at local strycbnlnization of the 
cortex, iNe. at artificial elevation of excitability of the cortical 
neurons, the negative potential of the initial responses is intensified 
and with this the length and amplitude of the preceding positive 
potential is often reduced (Bremer, 1952). It was also observed at 
local application of acetylcholine after preliialnary atropinisatlon 
of the ecnrtex (Ciatfield and Burpura, 195l^), 

Imsmuch as the negative potential arises under the influence 
of impulses fro® the ascending axons and collaterals of the neurons 
of layer IV, then on the basis of an analysis of lig. ifk (effect at 
1st shock of stjUBUlatioa) it is possible to conclude that the 
di8<^rge of the neurons of Jayer IV can proceed upward toward the 
surface of the cortex with a very small latent period? in the ease 
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tih6 Ijogiianing of the positive potential. 

Clare and Bishop’s data (195^) indicate l^t association 
pyrafflidal neurons of layer I? are stimulated 2 milliseconds after 
the a 3 fri'val of the afferent Impulses, As said^ from a small portion 
of the cortex ill thin the suprasylvius fissure "seconaary” hioelectrical 
effects are 3 ?egistered at optical stimulations. In response to 
stimulation of the optic nerve/ in this region a hiopotential arises. 

The latent period of its arising is 2 milliseconds greater than the 
latent period of the arising of the initial effect in the optic 
projection territory of the cortex, A seconaary effect in the 
suprasylvius furrov arises under the influence of iii^>ulses from axonS 
of the association pyramids of layer Vi of the optic projection territory. 
The latter are excited under the effect of afferent impulses. Consequently, 
the difference in the latent periods of the Vima^T" a»d ‘'secondary" 
effects (2 milliseconds) is equal, approximately the size of the latent 
period of the discharge of the association pyramidal neurons. 

It should he noted that at peripheral stimulations responding 
cortical potentials arise 2,5 milliseconds after the beginning of the 
responding hioelectrical reaction of the cells of the corresponding 
thalamic nucleus (Sohricker and O’Leary, 1953)^ i*e* the length of 
the “delay" in the neurons of the thalamus is of the order of 2 
milliseconds. 


•SB- 
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in 1419 BOtonauronB of th® spinal cord the minlHBl 
delay, i.?. the interval of time between the heglnnliig of the local 
potential and the ffloment of the discharge of the nenrons, edwle 2 
aillisecoads (lcolee> 19'^6). 

Apparently 2 BiUlseciaidB is the asaal size of the "llelay" 
at spread of excitation from neuron to neuron in the central nervous 
system of li^tly narcotized anirnl. However, In certain conditions 
excitation can spread throng ae central nervous system without 
»rlied "delay" (Beritov, 19378). In case of such (julck excitation 
of the neurons of layer IV (acccsrding to type of detcoation, as 
some authors say), from a corresponding point of the surface of the 
oertex a purely negative potential can he registered in the character 
of a "primary" hioeleotrloal reaction of the cortex, since we know 
that the initial dlscharise of the cells of layer IV cannot he registered 
from the surface of tie cortex. 

As seen in Fig. 7^, the 2d shook of stimulation provoked a 

pure positive slow potential of greater amplitude and length. Bremer 

Mid Bonnet (l9)t-9) note that when the functional state of the cortex 
is BomBWhat li^ired (owlns to naroosle, asphyxia, drop of blood 
pressure), then the negative compOMnt "of the primary responses" is 
lacking, but the positive potential can he greatly Increased. They 
^ye no clarification to -ttls paradoxical phenomenon. These facts 
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are easily e3!S>lained from Vos point of viev of Ideas on the mechanism 
of the arising of excitation impulses in the neurons of cortical layers 
111 and IV that are developed in the present chapter, !Sheae neurons, 
on which the afferent fibers form numerous densely arranged synaptic 
endings, are aonaally extremely easily excited.. Under the effect of 
a volley of afferent impulses regional excitation arises in them, 
which overgrows into a discharge of cells shortly after the beginning 
of its development (see Fig. JQ, effect at 1st shock of stimulation). 

When for one or another reason (deterioration of the functional state, 
inhibition) the excitability of the neurons of layers III and IV is 
reduced, then under the influence of the same impulses in them a 
z*eglonal excitation develops in full measure in them and then dies 
out (see textp, 7Q> effect at 2d shock of stimulation), 

This explanation agrees with a number of phenomena well known 
from the physiology of the peripheral and central nearvous system. At 
the time of a relative refracting phase of the nerve fiber its electirical 
stimulation- causes no spreading current of effect, but produces a local 
potential of considerably greater amplitude than iB. ordinary conditions 
(iodgkln, I 93 S), Braked motoneurons of the spinal cord of cat develop under 
the influence of an afferent voUey of in|)ulBes a considerably greater 
local pol^ntial than ordinary (iccles, 1946). Apparently at reduction 
of the excitability of the net^n a local potential can reach greal^r 
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aa^itude wi-ttiout the discharge of the arisen cell having cut short 
Its course, as mnU he perceived during the normal aspect of things 
(see Bakuradze, Berltov and Boitlsak, 1947)* 

However, during the deepening of narcosis or asphyatia, or in 
the course of local poisoning of the cortex, the amplitude of the 
positive potentials is progressively reduced in the measure of the 
deterioration of the state of ^ cortex* 

Opinions that exist in regard to the origin of the negative potential. 
According to one of them, the negative potential, registered from the 
surface of the cortex, which a positive potential precedes, expresses 
a consetuent potential arising after excitation of the neurons of layer 
m? (Bfcrshall and coworkers, 194l). Thus, according to Adrian, the 
initial positive potential is an egression of the resultant potential 
of afferent fibers. According to Marshall, the negative potential is 
the resultant potential of neurons of layer 17, From this point of 
view it is extremely difficult to clarify a mole series of facts, 
l^hy, for instance, is the negative phase of the "primary responses'’ as 
a result of surface Ihermocoaguiatlon of the cortex selectively depressed? 
Or i&y is the territory from which the ne^tlve potentials are discharged 
larger than the territory from which the Initial positive potentials are 
discharged? 



most widespread point of view, according to which the negative 
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ptential arises as the result of excitation spread from the cellular 
hc^ies of the pyramidal neurons of layer IT upward through their 
dendi'ites into layer I (Ghang and Kaada, 1950; Chang, 19531 Bishop 
aiQd Clare, 1953 )^ is the following; excitation arising imder the 
ikfluence of the afferent impulses in the body of the pyramidal 
neuron at the level of layer 3 T is registered from the cortical 
surface as a positive potential! when, spreading then through a 
dendrite, it approaches the discharge electrode, a negative potential 
is registered. According to Bishop, in order for an ascending 
dendrite of a pyramidal neuron to be excited an exciting influence 
is necessary on the body of the cell and on the basal dendrites 
by a great number of synaptic endings; otherwise, the excitation 
does not spread upward, and from the surface a one-phase (positive) 
potential is registered. 

It has already been said that, according to Chang, the top 
deialrites of the pyramidal neurons conduct excitation like the nerve 
fiber in both directions, i,e. both fr<M the body of the pyramidal 
neuron upward to the ramifications of the top dendrite, and also 
from the branchings of the d^drites in layer I downward to the body 
of the pyramidal neuron. Bishop came to the conclusion that the 
top dendrites of the pyimaidal neurons are devoid of the capacity 
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to conduct excitation doiw««ird to the body of tbe cell (see Bisbop 
and Clare *B 1955 article), but they have the capacity to conduct it 
in the opposite direction, l.e, from the body of a pyraBiidal neuron 
throu^ a top dendrite upward to layer I. In other vords, when the 
top dendrites are activated through the synaptic endings located on 
them, they are not obliged to conduct excitation j when the body of 
the neuron is excited, then these dendrites conduct excitation in 
the antidromic direction. 

According to Artem*ev*8 point of view (1951); the positive 
potential and negative potential are connected by the activity of 
me and the same nerve elements located in the surface portions of 
taie cortex. 

5!h© main facts on which the conclusion is based were obtained 
in experiments with polarization of the auditory territory of the 
cortex. With a current intensity of 0,1-Q,3 milliaiapere and ^en 
the anode is found in the auditory projection territory, the positive 
phase , of the primary response is reduced or absent and negative 
phase sets in. Ilhls, according to Artem*ev, occurs ’’as the result 
of blodtli^, by a polarizing current, of the nerve processes 
responsible for the development of the positive pimae”. She mm 
processes which produce the second, the negative phase, are not 
provoked. At cathodizatlcm of the auditory territory of the cortex 




”‘^1 
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an oi^osita ^rnmnon ims ol^served^ tba presence of a positive plmee 


and rednotloni sonsetlaies even the absencei of the negatii?e phase. 


ihe seise results wore obtained by QoXdrlog and 0 'I,eary ( 19 !^X} in 


experiioents on area striata* 


©iese facts can receive an entireXy different explanatioi from 


-amt \^ich Artem’ev gave them, SChey do not at all conflict with -^le 


ideas developed in this (diapter, according to ifeich the positive and 


the negative potential express regional excitation of senronic elements 


of different layers of the cortex, naiaely IV and I, A negative 


potential arises under the effect of lapulses frcaa the excited cells 


of layer IV, etc. At analysis of the. recordings iSiich Artemiev 


and Vhieh Goldring and O’Leary cite, it is possible to note a series 


of eharaeteristic factors, 1 ) At anodization of the cortex, usually 


no complete disappearance of the positive potential occurred: either 


it vas greatly attenuated or it expressed one or two tjuick fluctmtions 


(Artem’ev, 1951# Vig. g, B and E). 2 ) fhe duration of the positive 


potential vas reduced, and the negative potential set in nov too 


vithout pause after the positive, i,e* the latent period of the arising 


of the negative potential me reduced and, ^n the positive uas 


represented by a ^uick fluctuation, the impression vss created that 


the negative potential set in directly in response to stimulation, i,e. 


that the positive potential inverted its sign. 3 ) 5 !he ampliWe of 
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the negatlw potential at the time of anodization of the cortex mn 


Increased (Goldring and O’Leary, 1951)* 


fhm, under the inflnence of polarizaticm of the cortex a picture 


arises that -is already familiar to us, presented in Fig, in which 


the second shock of stimulation of the sciatic nenre provoked in the 


cortex a positive potential of greater euaplltude and duration, and 


the first was an initial, (juick, positive fluctuation (which at a slow 


rate of exposure can generally disappear), after ^ich a powerful 


negative potential follows, !Ehe change of cortical potentials described 


is evidently explained in the following way. As Goldring and O’Leary 


indicate, at anodization of ’to® surface of the cortex toe top dendrites 


of the pyramids are anodlcally polarized, hut the bodies and axons of 


the corresponding neurons undergo cathodic depolarization, i.e, the 


same electrical fieid arises as at local excitation of the neuronic 


elements in toe deep layers, Thus, as" a result of anodizatlcai of the 


cortical surface a cathodic elevation of excitability of the neurons 


of layer IV and facilitation of their excitation under toe effect of 


afferent isapulses should occur* fhis is expressed oscillographicaily 


in a reducti^ of the length and amplitude of the initial positive 


potential and in to® intensification and acceleration of the mpment 


of the arising of the negative potential. At cathodlzatlon of the 


surface of the cortex toe negative potential ceases to be provoked, 
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but the posltl-ve is Intedslfied and its length is Incmsedj 
cathodizatl^ of the surface of i 3 ai& cortex leads to anodic polarization 
of the elements of layer IVj to reduction of their excitability, lEhese 
elements react on the afferent ii^ulses irith regional, nonspreadlng 
excitation (see textpages 56, 57, and 13l)* 

Thus, idien from the surface of the cortex potentials of different 
signs are discharged, this li^icates that in these cases excitation 
occurs of the different neuronic elements located in the different layers 
of the cortex. 

Contribution to the pestion of the spread of bioelectrical 
potentials through the cortex at peripheral stimulations. We have 
seen that primary responses are registered frcxa strictly limited 
parts Qit the cortex; for exan^le, in response to stimulation of the 
sciatic nerve (fig. 68 ) or in response to the effect of sound shocks 
(yig* 70) they arise in the skin and auditory projection territories, 
respectively, but are not observed in other j»srts of the cortex, 

Bmsbt (1943), Boyar^y and PeMook ( 1952 ), and nany otfeer sutlrars 
also observed this. We have seen, moreover, that even within the 
limits of any projection territory whatsoever of the cortex in 
response to various stimulatloas of a given character mainly one or 
another part of this territory is activatedi For Instance, different 
points of the gyrus ectosylvlus asd. of dog are excited Bolnly at the 
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effect of tonea of a certain {'tefeiiari). It vas tneatloned 


hl^r lap tlaat 1» cat there is no such kind of strict looaiiaatlon 


of sounds in the auditory territory of the cortex, hut that this 


is not stipulatea hy irradiation of excitation from the irritated 


point to the uhoie of the auditory territory. Howeter, Mickle and 
Ades ( 1953 ) came to the conclusion that the ’’priiaary response” of 


the auditory terrlt03E7' of the cortex in cat, arising first at a 


certain point of It, spreads then radially at the rate of 1,5 meters 


per second to the idiole auditory territory, fhis conclusion uas 


made on this basis, that the latent period of the primary response 


is increased in the measure of remowl from the part of greatest 


activity (the part la i^ich, at response to sound shock, the 
answering biopotentials of greatest aa^litude are registered), 

Adey, Carter, and Porter (195^), idio studied primary responses 


arising in the skin-muscle projection territory at electrical 


stimulation of subcutaneous tissues (en aasse) of an extremity, 


obtained similar facts. It was daiaonstrated that -aie latent period 


of the primary responses is different at different points of the 


corresponding portion of idJe cortex and that there is. a definite 


relationship between the si^e of the latent period and the au^Htude 


of the biopotentialsj effects of greater amplitude had a lesser 


latent periods for Instance, at stimulatic® of the opposite hind 
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P8* B portion of the carte* 7 * 2 be. in siae vbb aetiwted} at Its 
rear bounaary the latent period of effects etjualed SO mlUlaecoBaB) 
at a point 2 m. toward the front the latent period esaaled l4 
at the front bountory It wbb afpln increased to 20 
BilllaaeoiidB. At etiaBlation of a homolateral ertrersity the latent 
period of offeetB at different points of this portion of the cortex 
was identical* 

Marshall, Woolsey, and Bard (isAl) found that the latent 
period of prlaary respoases at different points of the skin projection 
territory can be diterse (fluetmtlms of from 13.5 to 16 Billiseconds). 
With the least latent period of 13.5 Billiseconds, effects arose at 
that point where they had a naximal amplitude. From their recordings 
It is possible to conclude that, according to the naasure of removal 
from this point, the latent period of the primary respoases i«s 
successively inomsed (13.5 - l4 - 1*^.5 - ndUlseconds). 

Is It correct, however, on the basis of these facts to ccaclude 
on the irradiation of primsry responses througji the cortex, i.e. of 
the coB®lex known to us, Which ooBsists of the initial positive slew 
potential, after which a negative slow potential may follow? la It 
possible, on the basis of the dlfferon?|Uitent periods of their arljiag 
at adjaoant points of the cortex, to eonolude that the process arising 
locaUy under the effect of Ite afferent isgmlses than spreads ft«m 
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muroa to newoa at a certaia rate? I!h 0 phenoweaon descrlljed, i.e, 
the arising of priaary respoasos vith divearsa latent period at points 
of the cortex lying in a line, is also oTaserred vhen at deep narcosis 
the reaction is limited by the arising of purely positive potentials. 

To recognize the irradiation of these potentials throng the cortex in 
these cases means to recognize an inaccuracy of the theoretical 
conclusicais made above in regard to the origin and significance of 
the positive, potentials of the primary reBponse 84 Actually then 
regional nonspreadlng excitation that does not provoke discharges of 
impulses to the axons cannot stipulate a subsequent involvement of 
siKTOundlng neuronic elements in this same process, This phenomenon 
is certainly specified by other circumstsaces. Already in each sensory 
thalamic nucleus where afferent ij^ulses come at corresponding peripheral 
stimulations there is a definite differeatiation. In the first place, 
the syst^ of thalamocortical projection fibers is organized so that 
the different thalamic cells of a given nucleus are connected mainly 
with the different points of the corresponding projeetlon territory 
of the cortex* In the second place, a given group of afferent fibers 
is conneeted mcore closely with a certain group of thalamic cells, 
but those fibers with thalamic cells lying in a line are connected 
less closely, i.e, they form a smaller nuaiber of endings on them (see 
GalaaboB, 195^)* When excitation comes to the thalaiaas al<mg the 
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la ^«e8ti<ai, prinarily the tha3LaiBlc aearons iilth '^fcich 
tJmm fibers are aalnly comected are stimaXated by laipulses aad the 
nearoas lying In line begin to be stiawlated later, since regional 
excitation in them later reaches the critical jaagalMe at vhich 
they begin to be stimnlated* Hence, afferent voUeys of in^alses 
from the thalamne come to different points of the cortex at a different 
time. As a result, at peripheral stimulation a focus of greatest 
activity arises in the cortex, stjrrounded by a territory where the 
neurons are activated not only later but also we slightly, for 
instance, at stimulation of a muscle nerve on the paw, in a certain 
part of liie shin-musele projection territory of the cortex there is 
a "focus" m>m which answering biopotentials of greatest aa^litude 
are discharged. If the electrode is shifted 0,5-1 to., the amplitude 
of the potentials discharged from a point adjacent to this proves 
highly attenmted (Gardner and Haddad, 1953), 

from this point of viaf the fact is readily explained that at 
worsening of the functional state of a preparaticai ffor instance, at 
a drop of body tea^erature) narrowing occurs of' the territory of 
primary responses to sound shocks (frlbram and coworkers, 195 ^ 1 -) ? 
first and foremost those thalamic neurons idiich are more weakly 
stimlated at a given peripheral stimulation cease to he stimulated 
by impulses to the cortex. 
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At periiiheiral stlBBOatioa $<m foci of mxiBal bioelectrical 
activity arise in the cortex; for instance, at stimuiatioa of part 
of tbe skin of cat a focus arises in the gyrus sigmoldeus post, and 

a focus arises in the territory of the gyrus ectosylvlus ant, Sach 

' 2 ^ ' 

focus occupies an area less than 1 ana and is surrounded by a 
territory from which potentials of lesser as^litude are discharged. 

■file breadth of this territory is 1-2 laBU (in monkeys it Is up to 
4 ana.), fhe arising of several foci of mximl bioelectrical activity 
in response to peripheral stimulation is not stipulated by spread 
of excitation from one part of the cortex to another. Each focus is 
an independent projection from the thalamus (Marshall and coworkers, 
1941 ). 

tos, in response to a given peripheral stimulation in the 
cortex there arises, in a corresponding projectlcaa territory, a 
focus of maximal excitation. It canrbe ascertained in narcotized 
animals on this basis, that primary responses (positive slow potentials) 
arise in It wlt^ a minimal latent period and have greatest amplitude, 

She physiological iBgjortance of a negative potential of primary 
response. We have explained that a positive potential of primry 
response reflects regional excitation of the neurons of layers I? 
and III, When regional excitation reaches a certain critical mapitude, 
a discharge of impulses of excitation arises from these neurons. 
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Jxcltation of to aeuron^wlth ascending axons spreads upward ^to to 
surface of tbs cortex and stipulates to arising of a negative potential, 
reflecting regional excitation of to top dendrites, tot is to 
physiological importance of this hloelactrical reaction? 

it excitation of the neurons of layer IV impulses proceed not 
only upward to the surface of to cortex, but downward into to system 
of efferent fibers, as well as horizontally throu# association fibers 
to certain other parts of the cortexi - The more powerful to discharge 
Into to association and efferent fibers, the more powerful to 
discharge to to surface of to cortex. 

tose conclusions issue from to following series of facts. 

1 . In response to sound stiimjlations primary responses arise . 
in to auditory projection territory; but certain fluctuations of 
potential arise too in certain other territories of the cortex, for 
instance in the optic (in the gyr. splenialls). These fluctuations 

at to time of the beginning of their development agree with to 
appearance in to auditory projection territory of a negative phase 
of to primary response (Artem’ev, 1951)* 

2 . As said, in respcsase to sound stimulations a bioelectrical 
reaction arises in to lower part of to gyrus ectosylvius post, 
because of to transmission from here of impulses from to primarily 
excited auditory projection territory. After local strycdmlne 
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poieoniag of the gyrus ectosylvius njed.i side by side with exfcraordimry 
intensification of the negative phase of the first response; the 
biopotential in the gyrus ectosylirius post, is also intensifiod; at 
tiwes it arises In conformity with the i^gatlve phase of the primary 
response (Bremer; 1952 j Bremer and coworkers, 195^). 

3 . Stimulation of the n, medianus provokes primary responses 
in the skin projection territory of the cortex. When a negative 
potential of the primary response Is weakly expressed, then in the 
iBotor territory of the cortex no bioelectrical reaction arises at 
all. When, owing to the artificial elevation of excitability in a 
corresponding part of the skin projection territory, stimulation of 
the n* medianus begins to provoke primary responses, in which the 
negative phase is considerably intensified, then this is associated 
with the arising of a bioelectrical reaction la the motor area of 
the fore paw: fluctuation of potential in the motor area sometimes 
coincides with the Mgative phase of the primary response in the 
skin territory (Chatfield and tepura, 1954), 

4, When in response to peripheral stimulations from the cortex 
only positive potentials are discharged, then no changes occur of the 
"spontaneous” electrical activity either in that territory where these 
potentials are registered or in other territories of the cortex. When 
peripheral stimulations provcke in the cortex complex bioelectrical 
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mctioas, tim tbey thereby lafltaenc© too the "spoataneou^” electrical 
activity, the changes of which can be of a diverse character depending 
on the kind of narcosis and the degree of its depth (Adrian, 19^1)* 


Apparently this reaction too is the result of the spread of excitation 
along the cortex from a point of the cortex excited by afferent 
ionises (see below). 

5. It is known that at arrival of afferent in^nlses in l^e 
sensory'-iaotor territory of the cortex excitation is transmitted by 
Bteans of the neurons of layer IV to efferent p-yroioidal neurons of layer 
V, 5hi8 reflex activity is also preserved during narcosis. At 
discharge of potentials f rm the cortical surface in the territory of 
the skin analysor and simultaneously from the fibers of the pyramidal 
pathway, In response to adequate stimulation of the corresponding part 
of the cortex, the following bioelectrical reaction is registered (see 
Vig. 75 ) I after the usual latent period an Initial positive potential 
arises, after it a negative potential arises and simultaneously a 
discharge of impulses forms in the fibers of the pyramidal pathway. 

When stimulation provokes a reaction limiting the arising of only 
the initial positive potential, then a discharge of Impulses does not 
arise in the fibers of the pyramidal pathway. When there is an absence 
of disclmurge, the positive potential has greater astlitude and length* 
in Fig, 75 it is seen that the more powerful the discharge into the 


\ 
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pyraiaito ttoe aore poweiful the negative potential diecharged 

from the surface of the cohteKi hence, it is possible to conclude that 
the acre intulses proceed Into the fibers of the pyramidal pathmy 
the more of proceed along the ascending axons and collaterals into 
layer if and the more Intensive the activation of the top dendrites ^ 
layer I in the portion first activated by afferent in^ulses. the 
case In ctuestlon apparently not only from the recurrent collaterals 
of the pyramidal neurons of layer IV but also from the recurrent 
eolJnterals of the pyramidal neurons of layer V*) 

(Legend to fig. 75; textp. i88j mscharge of in^ulses Into 
pyramidal pathways, associated vlth the negative potential of the 

primary response. Gat under chloralose narcosis. Upper curve - from 

\ 

surface of sensory field for a front pair, lower curve ttm a needle 
electrode In the territory of the crossing of pyramidal pathways. 

Sffect of four touches on the paw. At the first two stimulations 
cmly positive potentials arose, at the third and fourth a ne^tive 
potential followed the positive, and these effects were associated 
with discharges of Impulses in the pyramid pathways. (Adrian, 19^1).) 

Berltov, on the basis of analysis of histological and 
physiological data, ctmcluded that association neuroas®, transmitting 
excitation to more or less remote points of the cortex, eiimlltaaeously 
by means of their collaterals should also affect neurons closely adjacent 
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and that they probably depreea these cells by aetiwtion of their 
dendrites, by localisation of excitation is guaranteed in its 
initial |«rt (Beritashrill, 19^^^ 

Frcm Chang’s data it is possible to conclude that under the 
influence of a negative potential, provoked by stlawlation of the 
surface of the cortex, InhibitlGn occurs of the neurons of layer III: 
the negative potential of the callosal effect, l,e. of the effect 
provdted at this point stimulation of a syiffluetrical point of the 
other hemisphere, falls out. At the present tim tlaere are facts 
indicating that under the influence of a slow negative potential, 
provoked by tetanizing stimulation of the cortical suribce, inhibition 
occurs of the neurons of layer IV (Beritov and Boitbak, I955). 

The territory of the arising and registration of the negative 
potentials being considered is llaitedV the territory of the surface 
layers of the cortex on ^ich the synaptic ending of the ascending 
axons and of the collaterals of the neurons of layer IV are spread^ 
the ramifications of these axons and collaterals in layer 1, conp^ising 
the main congionent of the system of fibers of layer I (see Chapter II ), 
evidently do not proceed for considerable distances. However, it is 
characteristic tlmt the negative potential is registered over a larger 
territory than the Initial positive one (Morisoa aiul Dempsey, 1942 ). 
This is entirely conceivable, proceeding from the fact that the 
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ascendiog axons and eolXatarals m a certain distance In layer I - 
and activate the top dendrites over a soiaswliat larger territory than 
that Vher© activation of i*e prissary focus in layer Vt occurs under 
the influence of the afferent iaipulses, 

Proceeding from all that has been said above, it Is possible 
to conclude that at wival in the cortex of a volley of afferent 
impulses a focus of excitation arises surrounded by an aureole of 
inhibition. 

Gontribution to the tuestion of sensory cells scattered throu^ 
the cortex. AccordiJig to J^avlov, each. receptor apparatus has in the 
cortex a special individual central territcay, which represents its 
distinct projection. Here, because of the peculiarities of construction 
(dense distribution of cells, their laost numerous connections, etc,), 
highest analysis and synthesis are acconplisl^. However, the cortical 
sensory cells in question, spread too beyond the limits of this territory, 
can be over the whole cortex, how being airan^d ever less densely 
according to the measure of reiKsval from the nucleus of the analysor, 

A more elementary and rough amlysis of the peripheral stimulations is 
connected with these scattered elements (Bavlov, 1928| see also 
PavlQvshle eredy, It 13T, 222). 

As seen from factually presented material and from a survey of 
existing data, primary responses arise in limited areas of to c<n?tex. 


-I' 
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Finally, oa the Msiu of data oibtaiaed ia the pointed conditions 
of the experiments, it «ould he la^osslhls to make definite conclusions, 
He^rtheless, recently it has been clarified that in non-narcotized 
cats sound stiraulatiotts proyok© characteristic direct bioelectrical 
effects (prlmry responses), which set In with a latent period of about 
10 milliseconds and hays an initial positive slow con®)oaent. They 
arise also at time of stimulated state and in the state of natural . 
sleep, and, idjat should properly interest us at once, these primary 
responses arise in normal animals ia a limited portion of the cortex, 
in the very part in which they are registered in pointed experiments 
(Boitbak, 1954b). The same was ascertained in regard to primary 
responses at cutaneous stimulation (Boitbak, 1954c and 1955b). In 
people frtMR the exposed cortex (at tto of operatlcm under local 
anesthesia), in response to stimulation of the skin, primary responses 
were registered in the region of the gyrus centralis post, like those 
tMch arise in animals (iJarshall and Walker, 1949), With the use of 
a definite teohnitue of taking down the fflO in iairou^ intact 
skull primary responses were registered to optical stimulations 
(Monaler, 1952) and to electrical stimulation of cuteuieous neryes 
(Bawsoa, 1947, 1954a; harson, 1953 )* la response to exposure of the 
eye to li^t, response biopotentials arose in the occipital region, 
and in respcmse to stiamlatitm of the cutaneous nerves biopotentials arose 
in the region of the gyrus centralis post. 
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in Boml aniaale and in man a giw peri]^ral stisnilatioa 
provokes direst bioelectrical effects (primry respoiases) in a Halted 
area of the corte%, in the corresponding projection territory, and 
does not provoke them in other parts of the cortex» 

In pointed experiments one other very conclusive fact ms 
ascertainedj primary responses to a given peripheral stimulation 
arise in the conasponding projection territory, and they do not 
arise in other territories even at strychnine poisoning of the 
latter ehen the cortical neurons, as ve shall see later, are 
excited under the Influence of a minimal ’‘ingjulsation^ that does 
not appear in ordinary conditions on the electrocorticogram, further- 
more, the stimulation in question causes primary responses oialy in 
a certain part of the corresponding projection territodfy: as said, 
in dog the gyrus ectosylvius med, is connected with diffai^t parts 
of Ihte memhr, basilarisi i.e,, at the effect of a definite tone, 
excitation occurs of neuronic eleraeUts of a certain part of the 
convolution! at the effect of a remote tone, this part is not excited 
even during its local strychnine poisoning (funturl, 1950 ). 

Oscillographic data ccjnfirra, as we have already said, the 
position that the cells of perception of the cortex are arranged most 
densely in the central part of the aanlysor and, according to the 
measure of removal toward the periphery, the density of distribution 






' 3 ^ 


of tJas cell® le reduced. Eofirew^ oscillogpraphic data give no 
iadlcatloafi that tbe cells of perception* of each analyser are scattered 
throughout the nhole cortex and that> thus^ la the territory of each 
analyser to one another degree all other amlysors are represented. 
(*!£hose cells are Intejj^ on uhlch affermt fibers from the differenti- 
ated sensory nuclei of the thala^s terminate directly? from the 
corpus g^culatua laterals, the corpus genicalntum nediaXe, etc,) 

Popov too came to a like exclusion on the basis of experiments uith 
extirpaticaas in some cases of the idiole cortex and in others of the 
cortical ends of the separate aaaly«ors. After removal of the cortical 
Gnd| for example, of the sound analysorf the conditioned reflexes to 
sound sttffluXatloas that were present disappeared. All positive and 
negative conditloi]®d reflexes have been fully preserved with Intact 
analysors. After several hundred coniblnations of sound stimulation 
with electrical stimulation of the i*:in, primitive motor ruction 
succeeded in being obtained, but this reflex was not differentiated 
and did not extinplsh. fhe fact of the elalKn^atioB of this reaction 
cannot serve as demonstratlcm exf the presence of cells of perception 
strewn throu# the cortex? in dog after removal of the entire cortex 
precisely the same prtotlve reaction, of clearly subcortical origin, 
can be produced (Popov, 1953). 

The concept of the scattered elsMnts has no mozphologlcal bases, 
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i.e* there are m data on the fact that from a given aenaory thalamic 
nucleus (for emaa^le, the corpus geaiculatum medlale) projection: 
fibers proceed into all areas of the cortex, 

Oscdllographlc data ocaifirm the opinion that not all the 
cerebral cortex is occupied by special projection territories and 
that free territory is left, in rabbit It is very small ^ i.e. almost 
the vhole cortex is occupied by fields in iJhich primary responses are 
registered at corresponding peripheral stimulations. In cats this 
territory is quit© vast and includes, besides the other territories 
of the cortex, almost the ^ole gyrus suprasylvius med, and part of 
the gyr. ectosylvius post, (fig, 55). Xn monkeys it is considerably 
larger than in cats (Eos© and Woolsey, 19^9). 

The results of oscillographic investigations peinit concluding 
that these territories of the ccnrtex aie not activated directly at 
stimulati<ais of any receptors idiatsoever. As said, la certain of 
these territories secondary bioeleetrical reactions arise frc»a the 
projection territories of the cortex first excited. However, existing 
electrographical data give no opportunity to judge on the functions 
of these ‘’free” parts of the cortex. 


All the same, the question of the sensory cells scattered 
throughout the cortex cannot possibly be considered c<«iclu8lvely 
resolved, Perhaps the primary responses are not registered within 
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the IMtfi of tiae corresponding projection territory ^jecause tbere 
is very little density of their arrangement and biopotentials 
generated by these individual cells are not intercepted. Perhaps 
sensory cells in other territories of the cortex are represented 
only by neurons with short axon, having no dendrites that ascend to 
the surface of the cortex and, because of this circumstance, their 
electrical activity cannot be detected at discharge from the surface 
of the cortex* Apparently special investigations are needed to 
solve this question, 

2, Contribution to the Question of aeneralized 
Beactlons of the Cerebral Cortex 

Concerning the nature of strychnine convtulslve potentials. 

As Well known, at local strychnine poisoning of the cortex a certain 
time after application of the stirychnlne so-called strychnine bio- 
electrical potentials arise of characteristic configuration: after 
a relatively email positive fluctuation a negative fluctuation 
develops of greater amplitude, after which a long positive oscillation 
follows* According to the neaaure of development of the poisoning, 
convulsive potentials set in ever more frequently, and sometiiaes their 
correct rhythm is ascertained. If the poison continues to lie (there), 
then convulsive activity can be observed for a period of an hour or 
more. After removal of the poison, the bioelectrical activity of 
the poisoned part gradually (after 30 minutes and more) returns to 
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the initial state, Gorwulalve potentials arising at local 'Str^^lmine 
poiscsiing of tiie cortex reach an anplitude of «p to 5 allliv. In _ . 
spit® of this> they are not registered from adjacent unpoisoned 
territories of the cortex and also from points of the cortex found 
a-3 nmu distant from the part poisoned (Bartley, O’Leary, and Bishop, 
1937) Beritov and Oedevanishvili, 19^5)* 5!hls is one more good proof 
that in the cortex the hioelectrical potentials are not spread in a 
purely physical vay to any conelderahle aegree. 

!Ihe local character of the convulsive potentials, i.e. the 
fact that the territory of their arising is limited hy the territory 
of the poisoned prt of the cortex, depends on tvo circumstances. 

First, It depends on the fact that the polson at local potsoidng 
of the cortex does not spread to any conelderahle degree to adjacent 
cortical territories. Lying at the base of this is the peculiar 
dlstrlhutlon of the blood vessels in the cortex, At each given 
point of the cortex, from the artery of the pia mater an intraceretoX 
arteiy goes out, vhich proceeds in a vertical direction deep into 
the cortex, breaks doam into capillaries that pass over into capillaries 
proceeding near a vein uhich emerges at the surface of the brain in 
the venous network of the pia mater (Klosovskli, 1952)* At application 
to the surface of the cortex of a sheet of filter paper or a ball of 
cotton saturated with strychnine, ^uick poisoning occurs of the idaole 
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tMcJmesfi of the co3?tex at the point of poleoning. thereby the 
eleiaentB of all layers are poisoned approximtely siiultaneously 
although it has been observed that the surface layers are poisoned 
earlier (Bartley and coworhers, 1937; Berltov and Gedevanishvili, 

19 ^ 5 )* Since circulation of the blood is accomplished by blood 
vessels proceeding vertically through the cortex, then the 
strychnine Is quickly absorbed by the part of the cortex which 
Is supplied with blood from those vessels and is secured simply 
by the cortical cells; the excess of poison is so diluted in the 
veins that it shows no marked effect on the remaining substance 
of the cortex (Bartley and coworkers, 1937). Secondly, the Local 
character of the convulsive potentials is stipulated by the fact 
that intense nerve activity of convulsive character in one part 
of the cortex does not Involve in this activity the adjacent parts 
of the cortex, i.e. no spread of excitation occurs from the poisoned 
neurons to adjacent nonpolsoned neurons. In Berltov 's opinion, 
the very intense nervous activity In the poisoned part of the 
cortex itself creates a ccMition that Impedes its spread through 
tie cortex, !Ehis condition is the inhibition of the adjacent coa^lexes of 
neurcms (Berltov and Gedevaaishvlll, 19 ij- 5 ; Berltov, 1948), A like 
explanation was given for the fact that at tetanic stimulation of the 
cortex a limited focus is created of most intensive bioelectrical 
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actlvityi i«e, no spread of it occurs to the reaislniag cortex (see 
Chapter III), Lack of spread of the cesvulsiTe activity from the 
poiscaied part of the cortex is not connected with narcosis, i.e, 
with reduced excitability of the cortex, ^is is demonstrated by 
the following fact: in non-narcotixed dog at local strychnine 
poisoning {l^ solution) of part of the i^tor territory of the cortex 
^rgetic shudders of the corresponding muscles set in, but they 
do not spread to other muscles whose centers lie in direct proximity 
with the poisoned part (Amantea, I 912 ), 

ifhe strychnine potentials are frequently designated "spontaneous” 
convulsive discharges, since they begin to arise as though without 
connection with any appreciable outer or inner stimulation; however, 
at the present time the very fact of the presence of "spontaneous” 
electrical activity in general is under question. Bums (19^9, 1951 ) 
ascertained that neuronic elements of isolated strip of cortex with 
the circulation preserved do not generate, at lack of narcosis, 
"spontaneous” bioelectrical potentials*; at the same time one shock 
of electrical stimulation applied to the surface of this strip of 
cortex provokes a powerful, complex, and prolonged (up to 4 seconds) 
electrical reaction (Fig. 29)* (however, according to the data 
of IrlstianBen and Courtols ( 19 ^ 9 ), several hours after operation 
the isolated portion of cortex begins to produce a series of "spontaneous” 


"^1 
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biopoteatlals. According to Bums, if spontaneous activity is 
observed in the isolated portion of cortex, then this is alv/ays 
connected vlth injury of the cortex and is stipulated by irradiation 
of excitation from the injured point; after thermocoagulation of 
this point the electrical activity disappears (Bums, 1951).) 

Isolated strip of cortex after narootixation does not disclose, 
as would be expected, ’’spontaneous" electrical activity. In 
response to a single electrical stimulation, it produces a simple 
brief (0,1 second) electrical reaction. It is known, furthermore, 
that in ordinary experiments on narcotized animals a single 
stimulation of the cortex produces the same simple bioelectrical 
reaction; but uninterrupted "spontaneous" electrical activity, 
particularly alpha-rhythm fluctuations, discharge from the cortex, 

On the basis of the above-mentioned facts, it is possible 
to conclude that in Bums* experiments the absence of "spontaiieous'’ 
electrical activity la isolated strip of cortex was not connected 
with poor functional condition of this portiem of the cortex, since 
tests with direct electrical stimulation showed high excitability 
and the gr^t functional possibilities of Isolated non-narcotized 
strip of cortex as ccaspared with uninjured cortex of narcotized 
animal* At the same time the latter produces spontaneous fluctuations 
of potential. It is characteristic that if between isolated strip of 
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corto 6®d the remaining cortex a narrow bridge of cortex was 

then the strip of cortex generated the usual "spontaneous” 
fluetualions of biopotential (Bums, 19^9)# 

ivitotiy "spontaneous” electrical activity of the cortex Is 
stlp^ated by afferent liigjulses (afferent In the sense of 'Uieir 
coads^ to the cortical neurons in question) and is not an expression 
of %e fundamental property of the cortical neurons to be excited 
autwtioally, *'to be self-excited” at a certain rhythm, as Bremer 
(19^) tliixilts, and is not stipulated by the stlmulatlag action on 
them of different chemical substances (hormones, metabolites, 
electr^ites) that arise within the organism, as Beritov assumed 
( 1 ^). 

Hslow are presented facts obtained in the course of an analysis 
of convulsive strychnine potentials, whi^ can serve as argument in 
few of the so'-called reflex origin of ’’spontaneous” bioelectrical 
potaMstials In the cerebral cortex. 

Ihe strychnine potential in the cortex is associated with 
efferent discharge of impulses of excitation into the white matter 
(Adfinn, 1941)* First, frcmi the poisoned part impulses proceed into 
the callosal fibers, as a lesult of idjlch a certain bioelectrical 
reaction arises at a symmetrical point of the opposite hemisphere. 
Secoadiy, impulses spread from the poisoned pert throufidi associaticai 
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fibers, stipulating secondary activation of certain, often rejaote, 


parts of the cortex, (On this is based the so-called strychnine 


nenronographla, i.e. caje of the methods of determining the anatomical 


connections i*ithin the cortex.) Finally, through projection fibers 


impulses from the poisoned part spread downuard into the subcortical 


formations throu# the pyramids (Adrian and Moruzzi, 1939j Arduini 


and Whitlock, 1953 ) and throng the extrapyramidal courses. For 
instance, at strychnine poisoning of the field of the cortex in 


the reticular formation of the lajedulla oblongata, synchronously with 


the strychnine potentials in the cortex discharges of impulses are 


registered which spread, as has been demonstrated, throuj^ the 


extrapyramidal fibers (McCulloch, Graf and Magoun, 1946), 5?he same 


was observed at local strychnine poisoning of the motor territory 


of the cortex, and it has been shown that impulses from the stryclininized 


part spread into the reticular forptlon of the medulla oblongata 


through the pyramidal courses (Baumgarten, Mollica, and Moruzzi, 1954). 


5h,us, at time of convulsive discharge all types of pyramidal 


neurons of the poisoned part are excited. 


At general strychnine poisoning of almost all efferent nerves, 


except the vagus, discharges of impulses €ore registered that coincide 


with the convulsive potentials in the central nervous system (Frankenhaeuser, 
1931 ). At local stpychnlns poisoning of a ewrtala part of the motor 
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territory of tl» cortex, ae already said, dlscliarges of iji^^ulses 


should arise only in those efferent nerves vhich iimervate the 


group of muscles the center of iMch uas poisoned. The strycbnlne 


potential in the cortex (Bremer, 1936) corresponds to each muscular 


twitch, hut the convulsive potential in the motor region of the 


cortex is not always attended hy contraction of the corresponding 


muscles j at relatively light poisoning convulsive potentials can 


arise for some time without motor phenomenon (Beritov and 


Ctedevanishvili, 19 ^ 5 )* 


At local strychnin© poisoning of part of the motor territory 


of the cortex, for instance of an anterior extremity, after a certain 


tims rhythmi<4l shudders of the animal *s contralateral extremity 


begin* This phenomenon has been described by Amantea (1912), and 


Beritov, subjecting it to myographic analysis, also clarified that 
the Bovemsnt of a paw (or leg) bears a coordinated character, l.e* 


the flexor muscle contracts and the extensor is inhibited at this 


time* He considered these twitches the result of internal or external 


stimulations provoking an effect at a focus of excitability hel^tened 


under the influence of strychnine (Beritov, 1917)* In experiments on 


cats under nembutal narcosis we succeeded in establishing that in 


certain conditions twitches of an extremity after poisoning of a 


correspcaiding part of the cortex set in precisely at the rhythm of 


A, 
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respiration. Uhie fact shows that iaipulses arisliag dviing the 
respiratory act are capable of stipulating excitation of the 
pyramiaal cells of the cortex, giving rise to pyramidal routes, 
jfurthormore, It was successfully established that in certain 
conditions the convulsive potentials in the poisoned part of the 
cortex set in precisely at the rhythm of the respiratic© (lig. 76 , 
textp, 196 ? Convulsive bloelectrleal potentials in the cortex 
at the rhythm of respiration. A - cat under deep nembutal aarcosisj 
potentials are discharged frc»a a point of the gyrus suprasylvlus 
poisoned with 1^ strychalnei respiratory movements of the chest 
are registered, and rise of ike curve indicates inspiration. B 
and C - cat under light nembutal narcosis; the potaitials are 
dlsoharged from a point of the gyrus suprasylvius poisoned with 
1 $ strychnine, 1 min. after application of the poison to the cortex; 
fluctuations are registered of air pressure in the tracheal tube, 
rise of curve (indicating) inspiration. D - cat under deep nembutal 
narcosis; the potentials are discharged from a point of the gyrus 
ectosylvius poisoned with 1 $ strychnine; respiratory n^vements of 
the chest are registered. K - non-narcotized rabbit with the cerebral 
hemispheres revealed; potentials are discharged from a poisoned (l^t 
strychnine) part of the parlental territory (loltbah, 1953c) .) (It 
might be assiaaed that the phenomenon observed is the result of the 
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foUowlng ciroimstance. >Ihe bmtn paiaes wlia laie m 

the dlsobarge eXectrode founi on the surface of the poisoned jart 
BsohanlisaUy stimulates the cortical elenientB, and a hioeleotrical 

discharge arises oorreepondiag to each respiration. Ihe results of 

control experinents ime pendtted rejecting this ^othssls. 

0 atperlnents TOre nde with wry fine electrodes, which could not 
stimulate -tte train, and with aieroelectrodeB inserted into the 
cortex^ ^ch moved to^mr with the train at its visihle and 
iavieible pnlaations. Basperlaeats were also made in which the 
respiratory pnisatioa of the brain, eto. , was deliberately intensified, ) 
!I!his phenomenon can be observed at local strychnin© poisoning of 
any pjrb of the cortex. Convulsive bioelectrical potentials arose only 
in the area of the poisoning; They were not discharged from the 
adjacent parts (Fig, 78, textp, 198: Bioelectrical potentials arising 
in connection with respiration and in connection with stiiaulaticai of 
the sciatic nerve in a portion of the skin asalysor that had been 

poiscnjed with strychnine. In recordings A-C the potentials ai^ dlschar^ 

froa a portion of the skin analysor poisoned with l?j strychnine (upper 
curves) and from the pariental area, A - convulsive discharges arising 
in ccranection with each respiratory wement, B - beginning of brief 
sttolation of m sciatic nerve of the opposite side/ frepency of 
stiamlation 3 per second) intensity I.5 v,; vertical lines before the 
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bioelectrical effects denote the mssaent of stimulation, C - end of 
stimulation of the sciatic nervej convulsive discharges arose in 
connection with alternate respiratory movement. In recordings I) 
and B potentials are discharged from the poisoned part. D - end 
of prolonged stimulation of the sciatic nerve. I - 0,5 adn, after 
Dj resui^tion of convulsive discharges. All the experiments were 
produced on one preparation (cat No, 1^3). A recording of the 
respiration underneath on all the oscllXograiitsj rise of curve 
indicates expiration, (Boitbak^ 1953c).) 

Convulsive discharges appear 0.5-3 minutes after the moment of 
poisoning (1^ solution of strychnine). At first they are irreplar 
and Infrequent, then they increase in frequency and a period sets in 
when they follow the rhythm of the respiratory movements of the chest, 
arising either in the phase of inspiration or in the phase of 
expiration. A single convulsive potential in the cortex, or a group 
of 2-3 or more potentials, can correspond to each respiratory moveiasnt. 
Goavulsive discharges arising in the phase of inspiration can, after 
a certain timq begin to arise in conformity with each expiration (Big. 
16 , B and C), and contrariwise. With different conditions, with a 
different concentration of strychnine, a different depth of narcosis, 
or in another stage of poisoning, it is possible to observe the 
arising of convulsive potentials both in the phase of inspiration and 
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In the phase of expiration, l*e. their fre(inency douhle6<^_ If thereby 
conrulslve iMjtehtials arise by groups, then at tiiaes their almost 
uninterrupted rhythm is ascertained and, in such cases, it is difficult 
to dete 3 :mine the connection of their arising with the respiration. 
Finally, the rhythm of the convulsive discharges can be more infrequent 
than the rhythm of the respiration, for example convulsive discharges 
can arise at each second respiratory movement of the chest, 

fhe phenomenon considered, the arising of convulsive potentials 
at the rhythm of the respiration, can be observed too at local 
strychninizatlon of the cortex of non-narcotized animal (Fig. 76, S). 

It is known that if a discharge electrode is established on the 
surface of the cortex in the territory of the nucleus of one or 
another analyser, then at stimulation of the corresponding sensory 
nerve or of the corresponding receptors characteristic bioelectrical 
effects are registered. In answer to each single stimulation, with 
a latent period of 8-15 milliseconds, » positive fluctuation of 
potential arises) a negative fluctmtion can follow after it. After 
local strychnine poisoning of the cortex the negative fluctuation 
intensifies, after which a considerable positive fluctuation now 
follows. Thus, under the influence of strychnine the general character 
of the primry effect arising in response to the corresponding peripheral 


stimulation is not altered. 
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In 77 and 78 are presented effects arising, at stimulation 
of to sciatic nerve, la a poisoned part of to cortex behind to 
cruciate sulcus (portion of the aucleus of to skin analysor correspond- 
ing to to projection for to skin of a rear extremity). During 
stimulation at a rhythm of 2 or 3 per second, in response to each 
shock of stimulation to effect described above arises: an initial 
positive fluctuation, after uhich a negative fluctuation of greater 
ang>lltude follows, to so-called ’’spontaneous" convulsive potentials 
registered from the pai*t of the cortex poisoned with strychnine ai^ 
entirely similar in character to to potentials just described, Which 
arise In response to peripheral stimulations, tos circumstance 
has been noted by a series of authors (Bartley, O’leary, and Bishop, 

1937^ Chang and Kaada, 1^0), However, as far as kno»n to me, the 
following guiding conclusion has not been made by cui3rone: the 
convul8ive|stryehnin0 potentials are stipulated by some afferent 
impulses proceeding in to cortex. (Legend to Fig, 77, textp, 197: 
Bioelectrical potentials arising "spontaneously" and in connection 
with stimulation of to sciatic nerve in a part of to skin analysor 
poisoned by strychnine. A - cat Ko. 13; the potentials are discharged 
itm a portion of the gyrus slgmoideus post, poisoned by strychnine 
(0.1^ solution), to sciatic i^rve of to opposite side is stimulated. 
Frequency of stimulation 2 per second. B - cat Ho. kS, to biopotentials 





Sanitized Copy Approved for Release 2010/01/1 1 : CIA-RDP81 -01 043R0001 001 50004-6 





Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6 



- 379 - 

of a part of tli© gyrus sigmoldeus post* poisoned by strychnine {l§t 
solution) and the respiration, a "spontaneous" conTulsive potential, 
are registered. - 1 second after recording B; beginning of 
stiittulatlon of the sciatic nerve of the opposite side; intensity of 
stimulation 1*5 v*j frequency about 2 per second.) 

In Fig, 78 it is seen that at the end of Inspiraticai at the 
poisoned point of the analysor two convulsive potentials arise. At 
this tiiae no clear changes of electrical activity are observed at the 
other point of discharge (gyr, suprasylvius). At stlnaalation of the 
sciatic nerve the rhythm of the biopotentials that arise is determined 
i^olly by the rhythm of the stimulation; at time of stimulation no 
convulsive biopotentials arise in conformity with the respiration 
and in general no changes whatsoever of electrical activity of the 
cortex are observed in connection with the respiration (osc* B), ' 

At cessation of the brief stimulaticm of the sciatic nerve convulsive 
potentials arise in connection with alternate respiratory movement 
(osc, C), At cessation of prolonged stimulation of the nerve for 
a period of many seconds no ccmviaslve potentials arise. At this time 
the main electrical activity is attenuated in the part of the cortex 
in question (osc, D), Then the convulsive discharges arise again at 
the rhythm of the respiration, and the electrical activity of the 
cortex is intensified (osc, B), Thm, it is possible to prevent the 
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arising of coavnlsiva discharges Ijy wy of pure nerve influences on 
the corresponding territory of the cortex. ^ - 

1!he conaectiott of the convulsive strychutine potentials vith 
the respiratory aiovefflent Indicates that the ’’liapulsatlon” stipulating 
these strychnine potentials is connected vlth the respiratory act. 

Concerning the irradiation of impulses from the respiratory 
center through the central nervous system. Mislavskli (1885), on 
tiEie basis of experiments with cross sections and with injuries of 
the lasdulla oblongata , by its electrical stimulationi aiod finally 
on the basis of histological investigatlGns, first gave an exact 
description of the location of the respiratory center. He localized 
it in the reticular formaticm (formatio reticularis) of the medulla 
oblongata and expressed the consideratim that it consisted of an 
inspiration part and an expiration part. Sergievskii (19^7) has 
presented a series of physiological proofs of the existence of an 
expiratory center. PittS| Kagoun aM Hanson ( 1939 ) Htts ( 19 ^), 
on the basis of experiiaents with point stimulatton of different 
points of the josduUa oblonghta and on the basis of histological 
investigations, and Woldrlng and Birken (1951)^ ^ of 

experiments with registration of bioelectrical potentials of the 
separate neurons of the reticular formation, came to the same 
e<«iclu8ion. Accoi^lng to their data, the inspriatory center Is 
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fovx^ iij tl3© fomiio retlcularia ventralls and the expiratory la 
t33e foTBEtlo retiouUrie dom^ 


It la iffell kaowa that laipulBee f^pom the reaplratory ceater 
are spread aloug the deacehdiag pathiiays and stipulate excitaticai 
of the fflotoaeuroas la the cervical and thoiaoie parts of the spliial 
cord that give origin to the dtaphragaiatic and intercostal nerves. 

Beritov in 1915 encountered facts indicating that the 
respiratory center governs rhythadcal excitation of the tonic 
centers of the lasduUs ohloagata, 

Kuttstfflan and ^hell (1921) discovered that soms tiiae after 
deafferentatloa of a htad extreinity in dog its rhythmical con-feractions, 
synchronous idth the respiration, hegan^ On the basis of this ;fsct, 
Orbell concluded that excitatic® irradiates from the respirat^ary 
center throng the central nervous system, that excitation from the 
respiratory center spreads diffusely (oibell, 193B), that this ”impulsa- 
tion" is Insufficient for excitation of the normal center^ and that 
as a result of the deafferentatlon an elevation occurs of the 
excitability of the corresponding spinal centers. All these theoretical 
conelusl<iis have been confirmed as a idiole, and a number of phencBBeaana 
of the same order have b«^ discovered. 


1. With special experiments it ws demonstrated that respiratory 
Hwvements of the extremities or respiratoiy contractions of isolated 






muscles, as well as periodic tnteaslflcatioss of the patellar reflex 
in cojmectlon iJith respiratory wements, are stipulated l>y irradiaticjn 
of iu^uXses from the respiratory center and are not the result of 
'^impulsation” from lungs, respiiatory tracts, or respiratory muscles 
(King, Blair, and Oarrey, 1931; Vinokurot, 19^1^) , 

2* On the basis of experiments irlth layographic registration of 
respiratory contractions of isolated muscles it me observed tlmt 
these contractions can set in in conformity with either inspiration 
(Yiatooy, 19^5)* 33ius, the respiratory movement of the muscles 
of the extr^ty can correspond to each phase of respirati<m, and 
no selective effect of inspiratory and expiratory impulses exists 
for the flexors or extensors (Sergievskli, 1950), At registration 
of respiratory contractions of the iroscle-antagonists it was 
ascertained that the antag€ajists contract simultaneously (yinokurov, 
194>)j nowhere was it noticed that one muscle was contracted and 
the aatagGntst relaxed (Sergievskii,^^^ !fhtis, respiratory 
contractioas of muscles are uncoordinated acts, !Ehese facts testify 
to the diffuse teadlation of impulses from the respiratory center 
into the spinal cord, 

3, It has been demaastrated that neurons of deaf ferenta^ 

segments of the spinal cord have hei^teaed excitability. Beafferentated 
contracts in response to differ^at stimulatiOT, •labyrinthine, 







joropifioeeptive, and eactaroceptlTSy idiicii are 0 ul)tbre 0 hoid in the 
sense ef provooation of weiasnt of & norml extremity (CShenievskiiV 
1935i Shnaillna, 1945)* In point experlnents on oats ^lith a hind 
extremity deaf ferentated beforehand it ims found that spinal neurons 
after deaf ferentatlon (after 9-4? ^ys) became M| 5 hly sensitive to 
inipulses of excitation from the descending pathways (feasdall and 
Stavraky^ 1953). On the other hand, it has been demonstrated that 
respiratory contractions of muscles can set in also in an extremity 
with normal innervation if the ©xcitahility of the spinal cord is 
elevated in any way. Kesplratory contmctions of muscles appear 
after local poisoning with strychnine of the corresponding segment 
of the spinal cord (Tindkurov, 19 W) and after general strychnine 
poisoning, in which general twitches (Viaokurov; 1^) arise at 
the rhyto of the respiration. Protracted extension of the mnscles 
isolated for rayographlc recording Itowlse apparently leads to 
heightening of excitability of the eorresiwmiding spiiaal-cord centers, 
as a result of which evidently rc^imtcspy Bwv^tsats of the muscles 
in Vinokurov ’s experiments also arose. 

3!hu8, from the respiratory c^ter, at each excitation of it, 
impulses irradiate into the spinal diord, showing there a diffuse 
effect in the sense of rhythmical changes of degree of excitability 
of Its neurons and in certain conditions producing their excitation* 
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reepirationi it 16 coosl^rabXy ireSueed at the tlsie of ^b^lratioa 
aaa to the pmione le'^i after expiration (SerglevBkil, 

1950 )* Howew^ these faots also oaanot serve as direct proof of 
the irradiation of iaipnlses frc® the respiratory center into the 
cortex. At deterraimtiGai of ^onaxy of the motor cortex it Is 
though"^ that its njsgaitnde reflects the degree of excitability, 
naiaely, of the cortex; thereby attention is hot attracted to tJse 
fact that at detenaination of chronaxy there is ea^loyed as indicator 
of excitation of the pyramidal neurcms of the cortex the contractltm 
of a corresponding group of muscles vith i7hich the pyramidal neurons 
are not directly connected but (connected) throu^ the splnal*-ooid 
centers. It Is hnown, furthermore, that in a number of oases 
impulses proceeding along the pyramidal pathsays show only subthreshold 
effect on the spinal-cord neurons, fhls, first of all, is tell knofWn 
in respect to ia^ulses fhich arise in the pyramidal pathways in 
connection tlth the alpha-mes (Adrian and Korusszl, 1^^); secondly, 
a single electrical stimulation of the motor area of the cortex can 
cause dtsctege of lapulses in the pyramidal pathways, not provoJdng 
a motor reacticai since impulses proceeding into the spinal cord only 
heiihten the excitability of Ihe neurons vhich, hosever, are not 
discharged (Bernhard, B<hm, and feters^^ 1958) , Turthermore, ionises 
trm the respiratory center teadiate do^^ into the spinal cord 
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aiid eertainiy stipulate a bel^tenlag of the excitaMlity ^ the 
spinal nenrona* SmimoY (1948) concluded thiS| and this issues 
from the fact that during certain coaditiQas these la^ulses are 
capahle of exciting the spinal neurons^ Hov it is asked whether 
as a result of stiflsflletion of the vagus nerve respiration ceases 
and therehy the chronai^ of the motor ar^ of the cortex is 
inoreasedj then it Is asked on what this depends: Does it depend 
on cessation of ’'impulsatioa" from the respiratory center Into 
the cortex or on cessation of it in the spinal cord and decline 
of the excitability of the spinal-cord cells, which are excited 
now in response to this shock of in^ulses from the pyramidal path- 
ways that earlier was superthreshold in this sense? from this point 
of view increase of chronaxy after expiration and Its abridgment at 
the time of inspiration can also be connected with changes of 
excitability of the spinal-cord centers during irradiation of 
implses from the respiratory center into the spinal cord, and 
it is not entirely a inflection of the changes of excitability of 
the cerebral cortex. 

llYanoY described the so-called respiratoi^r rhythms in the 
electrocortieogram of rabbits are being, in his opini<»i, an expresBion 
of the cortical repi^sentatlon of the respiration (LivanoY and 
FollakoY, 1945 ). However, it has been demonstrated that the slow 





*3ST- 


fluctuatioBB of iKJtoalslal in LiTOov*s nesordin^, a© wU as of 
Gur©vieh*8 (19^7)> 4o not express the activity of the Tsrainj their 
arising is linked with passage of air though the nasal' caylty 
during breathing (Eoltbak and KhecHinashvlli, 1952 ), fhus^ these 
data cannot he used to solve the q^uestlon of Imdiation of iii^pulses 
froa the respiratory center into the oerebral cortex. 

IPhe following series of facts, on the one hand, serve as 
additional proof of the beginning of a connection which exists 
during certain condlti<ais between tii®^ of convulsive 

discharges and the respiration. On the other hand, on the basis 
of these facts it is possible to conclude m the origin of afferent 
impulses whieh proceed into the cortex in connection with the respiratory 
act and stipulate the arising of convulsive discharges at the potot of 
the cortex that me poisoned. 

1) At cessation of artificial respiration a more or less 
prolonged pause of respiration sometlfies sets in, at which time the 
convulsive discharges in the poisoned part of the cortex ceasei the 
first convi4sive discharge arises with the first respiratory moveawnt. 

t) At stimulation of the central ei4 of sectioned vagus nerve 
In a ins^er of cases it was possible to observe parallelism in the 
change of respiratory moveB»nts and convulsive discharges in the 
cortex? at increase of frequency of respiration increase of frequency 


•"nan 




Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6 



oeeurred of tlsa Gonvulfiivo iischargus^ at arroat of respiratory ~ 
aoveiaeatS; convalslve discliarges ceased. la o»e es^riaeat, after 
bilateral section of the yagas nerySe, coavalslye discharges followed 
the slowed-down rhythm of the respiration. 

3) Convulsive discharges la the Cortex do not stop and do 
not cSaange their character after section of the spinal cord at 
the boundary with the medulla oblongata (the animal finally died 
at artificial respiration)) their rhythm corresponds to the usual 
rhythm of respiration of narcotized animal (fig. 79 ). 

4) Coavulsive discharges la the cortex disappear after section 
of the brain at the level of the midbrain. 

in a recording of Fig. 80 (oso. A) groups 0^ convulsive 
potentials are visible that arise at the rhythm of respiration in 
the poisoned cwtical point. After section of the midbrain the 
respiratory movements became ecnsiderably more infrequent) the 
convtilslve potentials disappeared and were not observed for teas 
of minutes (osc, B), At the same time direct stimulatloa of the 
brain provoked oonsiderable bioelectrical effects in the point 
of the cortex being discharged (osc. C) ^ which indicates that the 
neuronic elements of the poiscmed point of the cortex were capable 
of being excited in response to ts^ulses proceeding to them in 
connection with stiwalatlon of the surface of the cortex^ Oscillogram 
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D 0h<3vs iijat tij® eortex preserved a certain level of "sponteeo^” 
Moelectrical activity. 


Oa the l»sle of the serlefi of facts cited above it can be 
conclnded that afferent impulses proceeding into the cortex in®connection 
vith the respiratoiy act do not proceed from the lungs, the air-carrying 
passages, or the respiratory Muscles but from the respiratory center of 
the medulla oblongata, In oonnectlo® vith this conclusion, it is 
Interesting to note that Sechenov (189I) expressed the opinion that 
the respiratory center in the medulla oblongdta is, as it wei^, the 
sensory surface for the cerebral cortex, 

Thus, the strychnine pot^tial arising 'Without special discharges 
in the poisoned part of the cortex Is not spontaneous but stipulated by 
the afferent iapulses, Conseiiuently, this convulsive discharge has 
the same origin as the hloelectrical potential that arises in the 
strychninized part of the amlysor at peripheral stimulation, the 
coaponents of \Mch correspond to all coaponents of the usual primary 
response, but are only extremely intenlified under the effect of the 
poison, 

Thus, the initial positive potential of ^'spontaneous" convulsive 
discharge eii^resses local excitation of the elements of layers III 
and W that arise under the effect of In^pulses from the resplratey 
center. Its lesser an^litude, at compariBon ^th the positive phase 






of tile stryoimine effect provoked ^ atiiaulatioa of a aerve# testifiee 
to the fact that afferent "in^pulBation” from the respiratory center : 
at each given point of the cortex is igtn i ttal and thatj> vith noivaal 
excltahlUty of the cortex, iapulses from the respiratory center do 
not provoke appreciable direct Mopotentlala that wonld he Isolated 
on a background of ’‘spontaneous" electrical activity, i^reas the 
voakest peripheral stimulations, for exanple stiumlatlon of several 
receptors, provokes in the cortex a characteristic positive 
potential. 5 !here is not a single case in 'toch bioelectrical 
potentials are disclosed only the effect of strychnine, for 
instance, stlaulatinn of the optic nerve causes ho visible bioelectrical 
effects in the part of the gyrus ectosylvius around the suprasylvius 
flssuref strychnine effects arise here after strychnine poisoning 
of this pert in response to stimulation of the optic nerve (Clare and 
Bishop, 1954). positive potential of "spontaneous" convulsive 
discharge usually lasts a loja^f time than the corresponding coa^onent 

of the provoked strychnine effect (figs. TT aad^ 3 his can be 

explained, first, by the fact lhat from the respiratory center flous 
a synchronous shock of Impulses considerably less as coapared to 
those proceeding into the cortex at peripheral stimulations. Secondly, 
we have seen that the length of the positive phase can be altered, 
depending on how q.uickly the negative phase arises after it^ It can 
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be thought that a eomparatively great IntemL-of tlase ahmild elapse 
before loeal estcttatlon of sueh lateiiyBity spreads to th^^urons to ~ 
vhich a ebbU nuniber of the asyaohroiaoua iispulses from the respi^i^ 
center proceeds^ at which they begin to dlsoharge lispulses of excitation. 
Apparently from the respiratory center in the cortex, in ctainection 
with excitation by the inspiratory and expiratory part of it, a long 
series of iopulse.s is directed, starting approximately 0.1 see, before 
the beginning of inspiration or expiration and lasting for almost as 
long a time as the inspiration or expiration lasts. !Hils can be 
concluded on the basis of data obtained during a study of the electrical 
activity of to separate cells of to respiratory center (Birhen-and 
Woldring, 1951 )^ tot one strychnine potential, or a group of 2^3 
potentials separated by pauses of O.P sec, and more, arises in to 
poisoned part of to cortex in response to a whole series c€ afferent 
ia^pulses is fully explicable, since a Ito reaction arises in a 
strychnisized point of to skin analySor at coraporatlvely fre^gLuent 
stimulation of to sciatic nerve, 

to negative phase of to strychnin© discharge, i^ich as 
McCulloch showed (1949a) is removed by thermocoagulatioa of to 
upper layers of to cortex, is an expression of to activaticm of 
to top dendrites of layers X and XX under to effect of a great 
number of impulses that reaohes them through to ascending axons 






of the tolsirss^ate neurone and throin^ the aecendlnfi co-ilateraie 
of the pyraaldal neurcais. If, first, it is considered that at - - 
the strychninlzed ^Int of the cortex pyramid neurons of all layers 
and nmnerous neurc®s with short axons are stimulated, i^xea, secondly, 
that at strychnine poisoning each neuron is stimulated hy Impulses 
at a. rl^rfchm of 500-$00 per second, and, thirdly, that under the 
effect of the strychnine the elementary local pot«Qtlal is intensified, 
if these circumstances are considered, then the gii^tic amplitude of 
the negative phase of the strychnine potential hecoass apparent. 

fhe positive fluctuation arising after the negative is prohahly 
the expression of a preeminent activation of the neurons of the deep 
layers, potential is associated vlth discharge of iim?ulBos into 
the vhite matter (HcGulloch, 19^9^1 Baimigartett and cosforkers, I95i|*), 
(Legend to Fig, 79 , t^ctp. 202: Gonvulsive discharges in the 
cortex hefcre and after section of the spinal cca^ at the level of 
the medulla ohlongata. Cat Bo. 51 , feh. i 4 , I952, foteatiale are 
discharged from a part of the gyrus suprasyXvlus poisoned vith 
strychnine { 1 ft solution), lecordings A and B xere made prior to 
section of the cord. A - during artificial respiration, B (lover 
left) - during natural respiration, C (loser rlfid^^t) • after secti<m 
of the spinal cord; artificial respiration,) 

(Legend to Fig. 80, textp. 203 : Effect of section of the 
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iBidtelii oa ecamlBir^ dlsehargfts. 13)pper cams - bloelcctapical 
poteatlalfi from a part of the gyrus supresylTlus poisoned hy If 
stryctonlnei loser curves - respirationi rise up^rd - espiration* 

A - ccftivulsiYe potentials at the rhythm of the respirsttoiu B - 
cessation of convulsive discharges after seett<m of the mtdbra^* 

C - effect of direct electrical stimulation of the cortex) 
stimulating electrodes 2 mm. trm part poisoned; fre<iu 0 ncy of 
Btimulatioa 1 per second, intensity 15 volts* 3) - electrical 
activity of poisoned part at greater intensification {loithak, 
195 **^).) 

M<^ulloch (19^9), on Hie hasis of other facts and considera- 
tions, came to an analogous conclusion on the origin of the three 
Itoases of the strychnine potential* 

fhe local character of the convulsive discharges is plained 
by the development of a process of inhihlUoa; evidently the negative 
potential expressing local excitation the top dendrites, not only 
the first to he excited hut also the adjacent ones of the usexcited 
neurons, is the reason for oppression of the excitahillty of the 
latter (see above)* ^e negative potential should be the larger in 
aa^litude the more intense the excitation of the neurons, the axons 
of iJhieh ascend into layer I; thus, intensive excitation of poisoned 
neurons stipulates intensive inhibition of neurons adjacent to th^, 
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vhieh alfio invades excitation spread from the strychniaized point 
alcmg the cortex. So is it possible to ea^lain this phenomenon 
proceeding from the dendritic hypothesis of Udiibition. (However, 
if several points of the cortex lying in a line are poisoned with 
strychnine, then the convulsive discharge provoked in one of them 
spreads to the others if the distance between the poisoned points 
does not exceed 6 naa, ms phenomenon also occurs In isolated strip 
of ccartex, i,e, excitation spread ft’om one poiscmed point to another 
can proceed without participation of subcortical development. 
Sxcitation-spread rate in these conditions is 0.15*0.85 m. per 
sscoDd (Cobb ana coworkera, I955). ttus, ocmivuIsIto diseharges are 
limited by the poisoned point of the cortex in case of nori»l 
excltaMlity of the surrounding points of the cortexj If their 
excitability is elevated, then the process of inhibition cannot 
"check" the spread of the excitation process to new coB5>lexes of 
neurons.) 

Purely negative "spontaneous" strychnine potentials, i.e. 
convulsive potentials without an initial positive phase, have been 
described by some authors. In the course of the present investigation 
this also ms observed, fhe arising of such sort of potentials can 
be explained the same as the arising of purely negative potentials 
in response to peripheral stiaRdatlons; the vei^ first afferent 






Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6 




.395. 

tiopulses pro a laost Intense diselmrge of the neurons of- layer n 
and the arising of a purely negati*«e potential^ since cohesions of 
a small number of initially excited neurons are not intercepted from 
the surface of the cortex. On the other hand, it is theoretically 
possible to assume that the djenter of poisoning uith the usual 
potentials must be emrounded by an aureole of purely negative 
potentials (see textpage 189) and if the discharge electrode is 
located in this territory, then negative potentials are registered 
without a preceding positive phase. In the initial phase of strychninisa- 
tion of the cortex purely negative stryclmine potentials can arise, 

!Chey are not associated with spread of excitation liiipulses from the 
poisoned part to other territories of the cortex and into the subeortex; 
l*e, these negative potentials are not attended by ©xcitaticm and by 
discharge of the pyramidal neurons. If the poison continues to lie in 
place, then the usual three»|diase (-t'-f) strychnine potentials begin to 
arise (HcCulloch, I 9 ^ 9 a). It is possible to think that in the beginning 
stage of local poisoning, so long as the poison does not penetote into 
the middle and deep layers, increase of excitability of the intermediate 
neurons of layer H occurs. At being excited, -Uiey stipulate the 
arising of a purely negative potential, the arising of which "^us is 
the same as of the supplementary negative potential in effect of ele^^^^ 
stlmulatlcai of the <K)rtex (compare fig, 23). 
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the 1‘espiratloa ia any part of the cortex after lie polsoniiig 


~ etrychijine. At polaoalng of several parts ^ la each mjch .part e<amilfiive 
hioelectriCBl discharges set in llnhed la one mj or another fith the 
rhythm of the respiration, hut entirely independent of the convulsive 
activity of other polsoaed oorttcal parts, this ciroumstan has 
heen noted hy other investigators too (Beritov and GedevanishviM, 

19h5). fhus, at poisoning of two points of the cortex, for instance 
of the gyrus slgmoideus and gyrus suprasylvlus, and simultaneous 
registmtion of convulsive discharges from these two points it is 
possihle to ohsem that, arising in connection with on© or another 
pheuj© of respiratioa, these discharges rarely arise synehronouslyi 
the effect at point I c«aii precede the effects at point Sj tl^ effect . 
at point 1 mn arise without the effect at point t arising at this 
tliaei at point 1 convulsive discharges can arise In conformity with 
each inspiration and at point 2 in conformity with each expiration; 
at point 1 single spasiwjdlc disch*^^ arise-, and at point S 
groups of them, etc. After separation of the poisoned points of the 
cortex hy section of the cortex between them, convulsive disc^iarges 
contini® to arise at the rhythm of the respiratim at both points of 
- the cortex, and their character is altered. 


Nevertheless, at poismlng of two points of one convolution 
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(far instaBce, of th? euKrasylTlMs) coovulsl-ve pofcentiala^caa arise 
Mtlrely slnultaiwouBly at Tjotii polate both before and after t Mr 
separation (rig, 8l, textp, 206! Cat Ho. 48 . Deo, 11, 1951, 

Discharge electrodes and are placed on the surface of the 
gyrus suprasyinus} distance betseen them 12 no. local 
of the cortex eith strychnine (iji solutlcffl) sas made slmnltaneously 
under and Bg. ae potentials are discharged from point B. (upper 
ouryes) and from point % (loser curres). A - convulsive potentials 
arising at the rhythm of the reapiratioa after polBoaing under 
and After this^ deep section mb made of the gyrus suprasylvius 
between and Eg* B * convulsive potentials arising at the rhythm 
of the respiratliai after seotl<aa* C « the same at greater inteasificatiGn. ), 
It should be coaflrii»d that stimulation of auditory, optic, 
vestibular, shin, and other receptors leads to the arising of the 
direct bioelectrloal effects already described In limited areas of the 
cortex, in the nuclei of the correspmding analysors, and does not 
arouse them in other territories of the cortex, even at local strychnine 
poisoning of the latter* impulses too from the resplratcsry center, being 
afferent for the cortex, can at strychnine poisoning provoke effects 
characteristic to afferent stimulation in any part of the cortexs 3!hus, 
impulses fm respiratory center show a widespread influence on the 
cortex. " ' 



, ' '' ' ' ^ ' ' / ■ 
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Tim part of the eeretel cortex poieoned BtrycMae is the 
f OC13S of heifilhtehed excitability, capable of beiiig excited under the 
effect of the weakest "impulsatioas'^ reaching it. ¥e hare seen that 
such a focus is excited uKte the aeticm of iaimlses from the respiratory 
center. If it is created in a correspoading part of the akin projection 
territ<a?y of the cortex, then Its excitation occurs at stimulation of 
the sciatic nerve. At a stimulation frequency of 2-15 per second 
strychnine potentials arise at the s^sythm of the stimulation. In^ulses 
from the respiratory center do not now provoke excitation at this focus 
and are not ireflected on the effects of stimulation of the sciatic 
nerve. Thus, the excitation rhythm of the strychninized center of the 
cortex is now determined not by the rhytJua of excitation of the 
respiratory center but Isy the rbytbm of stimulation of the sciatic 
nerve, fhis point of the cortex is capable of being excited under the 
effect of each of these two stimulatiGns separately, but at their 
simultoeous action it "is subordinated" to the mm powerful of them. 
Apparently in the pauses between shocks of stimulatloxf of the sciatic 
nerve impulses frhm the respiratory center are incapable of provoking 
excitation of Ihe poisoned neurons because of a decline in them of 
excitability after intapsive excitation. 


A like phenomenon is observed at direct electrical stimulation 
of the cortex not far from the poisoned portion^ for Instance, in one 
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ea^rln»nt two points of tho cortex were poisoasd^ one in the region 
of the £Ep*«s sigooldens, the other in the region of the gyms 
supresyl4ns. At both points strychnine potentials arose at the 
rhythia of the respiration. At electrical stiatuXation of the cortex 
in the regloa of the at the rhythm of 10 per second 

strychnine discharges here were sharply increased in fretuenoy^ 
their itythm was determined by the rhythm of stimnlaticaa of the 
brain, and each discharge arose in response to a shook of stimulation. 
The rhythm and character of the discharges in the parietal region 
were not altered, and they continued to set in at the rhythm of the 
respiration. 

We haw already run into a similar phenomenon during analysis 
of bioelectrical potentials in the foci of hel^tened excitability, 
created by tetanlzation of the surface of the cortexi if at the time ‘ 
of the aftereffect electrical stimulation is applied to any point 
at all of the cortex, then "apontaneoua” rhythm of the potentials 
of the anereffect is changed by the rhythm of the stiuEilatlon appUed 
even in case it is more infrequent than the rhythm of the "spontaaeous*' 
biopotentials of the aftereffect (figs, 50 and 51). Thus, the focus 
of height^ excitability reacts to the most intensive of aU 
stimulations that fail on it at a given moment and cannot react to 
^ rest* If IMS stimmatlon is remowd, it begins to react to other 
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Btlnailfttioa Idiich proves mm latease tiJaa tbe rest, ^ 

(Xegead to fig. My textp. 209: Periodical changes of Mo* 

/ electrical activity in cerehral cortex of cat and of alphs*rhythm 
in aftn in conaectton Mth respirattoni Beoordings A and B from ttfo 
diffearent cats wader ne3j0)wtal narcosis. In hoth cases potentials 
are registered from the ^rue sipoldews post, (tipper curves) aM 
from the gyrus suprasylvluB (lotror curves) and the respiratory 
jaoveaientB of the chest are registered. Becordings e and B in 
the individual tested ^en the eyes fere closed at cessation cif 
prolonged work on the Mcycle dynaiuoaeter, there are registered: 
resplrstopy ajoveniBnts of the chest, the electroenceithalogrB«a, and 
the electrocardiogram (Boithak, 1953®) * Indications for Aj 0,5 
sec, and 0^3 aiUiv,; for Bi 20 millisec, and kO mlcrov,) 

Ihe influence of the respiratory center on the cerehral- 
cortex can he disclosed oseillographically in animals without 
poisoning the cortex with strychnine. At a certain depth of nes)ibwtal 
narcosiSi from the cerebral cortex the rhythm, descrihed hy many 
authors, of sloir fluetmtions with a ftewncy of about 10 per second 
is discharged, Fluctuations of this rhythm set in hy series separated 
by pauses or, from time to time, an increase of the ami^itude of these 
fluctuaticos occurs. At attentive observation it is possible to 
ascertain that intensification of slow fluctuations of the bioMectrical 
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potential pftea occurs in the electrocorticograia at the rhythm of 
the respiration. Bence, it is possible to conclude that in ahifflal 
during nomial and am reduced excitability of the cortex the effect 
of afferent 'Urapulsation’' from the respiratory center is ©xpimssed 
in a periodical intensification of the slow cortical biopotentials 
(I'lg. A and B) . 

As knCwn, t3ie alpba^waveB of man set In serlallyi in each 
series their amplitude Is progresslirely Increased and thaa progressl'vely 
reduced. (Ehe length of these series ("spindles'*) wles from 0,3 to 
3 sec. (Berltov, Bakuradze, and Izldsishvlli, 19^3 j Ghugunov, 19?0). 
i!he reasons of this phenomimon of the so-called "slow periodicity” 
remain tn^biown^ In connection with this, the following obseri'ation 
offers a certain interest. 

In certain conditions it is possible to obser’^e a regular 
c<amecticm of perlo^c intensification of the alpha-waves with the 
respiration. Ibis is (^served, for example, at intensified respiration 
at the time of and at cessation of prolonged intensive work (revolving 
the pedals of a bicycle dynamometer). In fig. 8g, C and B, it is 
seen that the frequency of the series of alpha-waves corresponds to 
the frequency of the r^iratiai. (Bhythmical heart activity finds 
no reflection ^ the eXectroenoephalogran). 


It la possible to assume that periodic changes of the alpha- 
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rhythm, tynchrcsaoiiB tltli the respiration, are stipulated hy "l3S9?ulsatioa" 
from the respiratory center (Bolthak, 1953®)» Stroup and 33arro»*s 
article ( 1953 ) it is also noted that spindles of alpha-imves in man 
can he linked with Intensified respiratory movements and that this 
probably occurs because of the influeace of the respiratory center in 
the cortex* ) 

Moruazi and cotorkers (1950) and Chang (1952) have described 
the of periodical abatement and intensification of cortical 

potentials arising vith different methods of excitation of the cortex: 
at stimulation of the sciatic nerve (primary responses in the skin 
pro^Jection territory), at stimulation of the corpus geniculatum 
laterale (pj^lmary responses in the optical projection territory) , 
and at stiiaulatl<m of the pyramidal pathways (antidr^c effects 
in the motor area of the cortex), All these potentials, at uninterrupted 
stimulation at an infrequent rhythm periodically intensify and attenuate, 
^ nature of this phencnasnon was not clarified. According to Chang, 
this is the develop®^t of a certain general property of the central 
nervous system. However, it was ascertained that intensification of 
the potentials provoked colncldea with the arising of an alternate 
"spindle” of alpha-simiiar waves. In connection with what was stated 
earlier, it is possible to assume that periodic changes of the answering 
bioelectrical reactions of the cortex can be stipulated by periodic 
changes of its excitability under the Influence of IsQ^ulses from the 
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respiratory center. 


activity of the subcortical nerve centers is governed by 


the cerebral cortex, because of mch this activity of the subcortical 


centers proves to be in obligatory conformity trtth the vital state 
of the aniaal (Pavlor, 1930); partlcnXarly trell towm to ae is the 


governing role of the cerebral cortex in regard to respiration. 


(See Bjiiov, 1947 j M&rshah, 1949; SerglevBkli, 1953) Bedsteehvill, 


1953, 1954.) 


On the other hand, there are neaBrous data Indlcatii® tlmt 
sahoortlcal fpmatloDS shw an influence «m the cortex (see helow). 


Pavlor, cn the basis of a ata^ty of craiditlonsd-reflex activity of 


1*e osrebral cortex, cant to the conclusion that the suboortex shove 


a oontinuouB lafltmce on tbe functional state of the cortical 


eleiiiaBte. "...tta ooantereffeet of the aabeortlcal centers on the 


oerebrua is by no aeans less substantial than (that of) the hesiispheres 


on thsBu Jhe active state of the cerebruBi is constantly austalned, 
thanks to atimili proceeding froa the subcortical centers? (ftivlov. 


1939))' "tee subcortex can... elevate the excitability of the cortical 
cell" (Pavlovskie sredy (Pavlov's Kedia), Is 147). 

(Opinion) being baaed on tee facts cited in tee present 


offlMimlcation, it is possible to assiw teat la regard to constant 


nalatonance of the active state of the cortex, of its tone, and of 
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tli 0 specif ic degree of its esccitaMUty, an outstaadiag'rble laeloags— - 
to ttoe respiratory center of tlie aiedulla oblongata, 

fhus; tbs respiratory center^ nhose activity Is regaiated by 
the cerebral cortexj shows a spread effect on the cortesi Vhlch Is 
e^^ssed in the rhythadcal changes of its excitability and, in certain 
conditions, in the ejasitation of its neuronic eleii»nts. 

Issuii^ from this, a theoretical clarification can be given 
to many facts from sport physiology, for example to the fact of the 
cJtoge in BBgaitude of muscle strain dep^dlsag m the i^se of 
respiration (Farfel^ and ireidberg, 19 ^). fr<«tt this point of #iew, 
the physiological significance of intonslflcstim of resptratlfim, 
which occurs in mammals in response to all forms of external stimulations, 
oven Tdjen the letter are so veah that they do not ^use oriented 
movexmnts, becomes Intelligible 195^): apparently 

the Intensified activity of the resplratoryccenter leads to a general 
elevation of cortical excitability, finally, the fact that several 
intensified respiratory movements can in certain patients with epilepsy 
lead to the arising of convulsive electrical activity can be explained 
not by the change In chemical congposition of the blood resulting from 
hyperventilation but by purely nerve influences on the cerebral cori^x 
from the respiratory ©enter. However, all these hypotheses are i«cessary, 
finally, in special arguments. 
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In iftat wy 1b b diffuse, apresd effect of tlio resplretory 
center reellsed In the owtex? 

Bettcaler formtion ot the hcaln etea, Ihe reticular foruBtlwi 
(foTBBtlo rettcularie) is a peedllar structure stretching through the 
whole hraln stem. Shis foraation begins as fhr hash as the spinal c«wd, 
then, spreading, fills the greater part of the medulla ohl<ffl®ita, crosses 
Into the aldhraln, and ends at the anterior polos of the optic papillae 
of the Bidbraln. It occuplee eteryttiere a c«»tral position and Is 
surrounded on aU sides hy nerve nuclei and hy cmductive courses. 

Ihe reticular fonaatl*®, a heterogeneoue mass particularly in the 
reticular formation of the aldhraln {thalaMS ventralie), is an isolated 
series of nuclei} In the medulla oblongeta, in certain regi^ of this 
foraation, are located the reeplratory center, the vaeculMBter centw, 
etc. 5he reticular formatlea of the hl^ vertehrates has he«a 
insufflciwitly studied hlstologlceUy, hut the diffuse, undifferentiated 
character constituting its nerve mass, is ooneplcuous (see Beritov, 1948). 

Berltov first pointed out the impfflJtant p^iologiotd iiportence 

of the reticular f(amett«a of the stem part of the brain, ladwtooh a 
syetematlc physiological study of the reticular formation, and found 
that its main function conslate of general inhibition and pnavoi 

facilitating effects (Berltov, 19370 } 1948). 

Ihe mechanism of tiie general Inhibition and fscllltatlng effect 
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of tshe TOticulM fomtiOB of ^ train atom tas teen preBentea In 


the foUoKlne «y. Beritw considered this point of rtew, that the 
ctehral nomuB eyatem la stestracted according to the neurcwl- 
nearopU l^e. A nearopu (in the senaa of aerrl<&) la a aanparatltely 
undifferentiated nerro naaa ftUlng, In Ite oentraX nerrous syaten, 
all apace free of dlfferentteted centers Md coaraes. The reticular 
forrotlon consists nalaljr of neuropils In this sense. Furajemare, 
it aas admitted that the neuropU Is a suhstmte for 
vhereas tiie dlfforaatiated nerae centers and patlwaja serve for 

cfflduetlai of esoltatlon. At actlvatite of the neurepa, ahich 

proceeds simnltaneously widi tte ewltation of sate differentiated 
refle* tenters, slo* fluetuatlons of hltelectrlcal potential arise 
in it and -aie neur«5)lllo currtet penetratea diffusely into tte nwrve 
pathways and centers lying aeerby, stipulating their electrotcalsatlte 
or ttelr change of escitahlUty (Berltov, 1937, 19^1, I 9 W). However, 
first, the term Itself of "neuropil" felled a^ led to aaiy misunder- 
standtogs. Secwdly, it is hardly correct to connect tte process of 
inhihltion with tte Bctlvllgr of a apeolal undlfferwitlated nem 
suhsttete. ttlrdly, as has tern pointed out, the possibility of 
diffuse and territorially spread effect of Mwlectrloal potentlale 
is nirt eonfiraed esperlaetttally. Wnnlly, fwa, this point of view 
it is extremely difficult. If not D^osslble genereUy, to dartiy 
In a purely iJiyaloal way in Shat manner tte analeotrottelc effect 






Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6 




of tteuroplllc e«mnt Is mXised m the neijronic eXeiaents,^ At 
the pres«at tiiae the aeohft&iSA of the process of Inhibition is - 
ccmUer^d differently (see Beritov and loithah^ X955). 

Issuing from the hypothesis of Beritov concerning the fact 
that the reticnXar formaticm of the stem of the bxnln is capable 
of showing on the central nerrous system a general facilitating 
effect, it alight be possible to assusie that the diffii^e irradiation 
of excitation from the respiratory center on the spinal cord, on 
the one hand, and on the cerebral cortex, on the other hand, proceeds 
by means of the reticular fonnatlon of the stem of the brain, in 
the bulbar x«rt of which is found the respiratory center itself. 

As will be shown below, electrophyslologlcal data bn the working 
principle of this formation support the earn hypothesis* 

At electrical stimulation of any part of the reticular 
formatioa, responding bloelectrical potentials are registered over 
an other parts of itj for iaatance,. at stimulation of the fsumtlo 
reticularis of the medulla oblongata^ they are discharged trm the 
formatio reticularis of the aidbrain, sub* and hypothalamas, and 
thalaiims. Ccmtrariwlse, at stimiOatlon of the fomtlo reticuXaris 
of aidbrain potentials are discharged from the foractio reticularis 
of the aedulla longata* At the same time the adjacent surrounding 
nerve formations, for Instance the well-lmo«a differentiated nuclei 





-4o8- 


of tile tbaXemwe, give no Uoelectrical reaction (Starssl, JSajrlor, 
and Jlagoua^ Jhus, at stlaulatlon of any point of the - 

reticnlar forraatioa the tihoXe reticular fonaatioa of the eteai of 
the hraia coaies into an active state, Houeter, it does not react 
as a single "fonaationi in response to a gim stismlatlon these 
or other nuclei of this formtloa are activated to a more or less 
degree (lanhery and Jasper, 1953; Hanhery and coworkers, 1954), 

At stliHulation of any part of the reticular formation, 
from medulla ohlongata to anterior pole of the thalamus, response 
Moelectrical potentials are registered in the cerebral cortex 
(Starzl and coworkers, 1951s), However, in high dlstiactioa from 
the strict local' character of cortical potentials arising at 
stimulation of the different receptors and organs of sense, at 
stimulation of the reticular formation response potentials arise 
over the whole ciartex, In any (mise they can he discharged from any 
point of thw dorso^latcral surface of the CwTchrum (iTig, 83, 

S12t ’diffuse” activation of the cerebral cctrtex at stimulation of 

the anterior ventral nucleus of the thalamus. Depiction of the 

'■'.from'' , . 

cerebral cortex of cat with amiked portions, Mich bioelectrical 
potentials were registered at stimudatlon of the nucl, ventralis 
anterior by bipolar electrodes with interpolar distwuje of I am, 

!i!he small black cireuXes in the lower lUustratlcaa mark the places 
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vhsre tlifl etlffliflAtlr* elBotrodes v»i» plaeed In the tlBX^a 

(Baahsry ana JiMper, 1953 ),). 

All aeasmry mrm bearing afferent lapulaes from 

perl]^*y to o«te* twnlnate in eMl*ta diffemitlatea aeasory 
nuclei of the doraal tintan, for inatesce the optic In the eorpua 
gwilcHlstffla laterale, tba auflitory In the eorpua genlBulatvaa laecliBie, 
and lae flbera of the la^lal plexue hearing lupalaea from the akin 
receptors ternlaate in the veatW'poatero-laterBl nucleua (nuel. 
ventro-poatero-lateralia). At punctual electrical stiiaalatlon of 
these nuclei hloeleotrlcal pat«tlals arise la certain lialtea 
regions of the cortejtj In iaie ao-callei projection terrlttarlea of 
the cortex, l,e., at etlialatltai of a given sensory tljalMiic nucleus, 
wspoas© potOTtlaU arise In the sags reglm of the cortex as at a 
carresponfllag psrtpheral stlmlatloa. She ehaiaoter of the cortical 
potentials Is tl^ sans, hut the latent period of their arising Is 
less (Chang, 19 |%) , At punctual stlnalatlon there Is discovered a 
nhole further series of nuclei projecting to certain limited parte of 
the cortex, l,e. of nuclei tram Shich typical primary responses 
with small latent period are provoked, for instance the nuel. ventralis 
lateraUe Is linked with the motor region of the cortex and the nuel, 
lateralis peat, and pulvlnar with the gyrus snprasylvlus (Plg, 84, 
textp. ai4i schema of local diffuse effect from tlalasns to cortex. 



I 
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ffli “ earpus eenKartatia Jjiterals} tiiis is s mims oixaotiy 
codttweted iftth optic projection region of the oortek,"’ CM - 
corpus genlouUttai Mdlnle,* 1iiie is a traoleus direotijr ooimeeter ‘ 
vlth the auaitory projeotioi region of Ito cortex. IP . a nucleus 
airectljr cwjectea with the gyrus suwJasjlvlus. TO - a nucleus 
Cttreotly eouneoted with the outeueous projection territory of the 
cortex. Ifl. a nucleus directly connected with the i^oa of 
the note analysor. Ihe connecttoaB of these nuclei with the 
cortex are indicated hy unhroken 11 j»s. dotted lines depict 
diffuse coffijectlaBs of the central nuclei of Vbe t>iaiamn » the 
C(atex. ae sche» was costposed on the heels of known physKflogloal 
and neurological data.). Precise aud lUaited projection ctf these 
tlalMlc nuclei in the cortex is danonstaeted not only by eleetro- 
l^yBlologlcal but also by histological data. After reoKnal of a 
certain Halted cortical field (oarreepoading to a certain projection 
region of the cortex), wtrograde di^jeneratlon of the cells of a 

certain IdwlMie nuoleiffl occurs (Bose and Woblsey, I9k9), 

In craitrast to the strictly local bloelectrloal reactions 
arising in the cortex at atlaulatlcn of the above-aantioned 
auelei, at stlaulatlon of the central sene of taie tunin..,.'. ^ g 

selaed reticular fwaatlon bloelectrloal resjaase reactione arise 

ovw the whole cortex. Bile fact was established by Morlson and 
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Den^sey (19^2) and then confirmed Many r0Bear<^rs (w jasper 
and coworkers^ 1955) • .. 

AcfciTatlon of the whole cortex occurs at stimilation of the 
following thalamic nuclei: centrum oedianum, wntralis med* , 
intralamlnaris^ ventralis ant., and reticularis. ISffects arising 
in the cortex at single stimulations of the so-called "diffuse 
thalamic system" is distlnguiBhed hy a greater latent period, I5- 
60 milliseconds (Jasper, 1949). Howerer, at stiaailation of the 
foremost parts of this. fca?8»tloa (nucl. ventralis ant. , nuol, 
reticularis) effects set in oyer the idiole c<wrtex with a short 
latent period (Hanhery and cewcskers, 1953> 19^4)* At stimilation 
of a more wdially located part of the retlculaf formation of 
the thalamus, the anterior cortical fields are more Miilly aetlwted. 
At stimulation of the lateral part of this formation the posterior 
cortical fields are more hi^ily actlmted (Hanhery and co^rerkers, 
19?4). 

It was possihle to suppose that the effect of the reticular 
foimation on the cortex is realized hy means of differentiated 
thalamic projection nuclei. However, this effect is preserved 
after des^ctlon of aU specific projection nuclei of the thalamis 
(Hanhery and Jasper, 1953) • Ms effect is not realised through 
the strial system (Hanhery and coworkers, 1954). Thus, it is 
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possible to consider It estabUshed 1i»t the reticular foraatlon 
of the stem of the breli^aws a uldaspreBd effect on the carte* throu^ 
its anterior part, throat a "diffuse, thalemo-corttcal projection 
syste*”, i.e. that the reticular aystan of the brain stea posseBses 
definite nerw pathsays into the oorte* independent of lto eeU-tocWi 

pathsays of specific projection systeas (sM Jig. 8^). 

fhe spread of excitation at stlaulatlon of the ratiouler 
fomatton occurs irtthln the reticular foraation proper throu^ 
neuronic circuits of varied degree of coaplexity, by ithich is also 
03 ®laiBed tiie long latent period of the cortical reaction at 
stlanlatlon of the reticular foraation. Stlaulatlon of the reticular 
fon»tloB of the aedulla oWLongata continaea to providte diffuse 
activation of the cwte* after Intersection <rf all ascending afferent 
syateas, fwwpwntly of the asdlal and teteral piwua. It has been 
deBoaetrated also that changes of electrical activity of the cortex, 
at stlsalatlMi of the reticular fonaation of the aedulla obloagpta, 
are net connected ulth stlaulation of the descending cortical pathaayB, 
le. with antidroalo spread of excltattwi through the pyraaidal and 
extrapyxaaldal pathways (Rorffitsl and lisgoun, 19^9)* Stlaulatlon of 
the retlciflar foraatlm stops provoiaag bloeleotrical reactions of 
ths cwte* after interseetion of the reticular fonatlon in front 
of the place of stiaaletloi (Morwsxl and Ma^im, 1^9). 
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!Che terminal portion of tbs reticular foiwtlon vbere reticular 
impulses come Is^ according to latest data, the nucl, reticularis 
thalami; on this nucleus lie the end neurons of the reticular system, 
the axons of ubich proceed through the inner capsule to all parts of 
the cortex (Hanbery and coworkers, 1954). Apparently these fibers 
are Lorente de 3Sfo*s '’nonspecific affer^ts" (see Morison and Dea^sey, 
1942 ). (ilje short latent period of the hloelectrlcai effects at 
stimulation of the anterior parts of the reticular forraatton of the 
thalamus is explain^ by the fact that stimulation occurs ibereby 
of fibers proceeding from here to the cortex (Hanbery and Jasper, 1953)#) 
It is characteristic that at reao^l of any projection region of the 
cortex retrograde degeneration arises only in a smll part of the 
auel. reticularis, Degeneration of cells in the whole reticular nucleus 
sets in only as a result of extirpation of the entire cortex (Bose 
and IToolsey, X949{ Hanbery and coworkers, 1954 )* 

There are Indications that^ besides this pathway, by which the ^ 
reticular effects to the cortex are realized, there is a further pathwiy 
into the cortex through the sub- and hypothalamus (Starzl and coworkers, 

mi&h 


BiimJMUm of th§ reticular fojmtlcm provokes an effect in a 
given jart of the cortex even after Its isolation from the rest of the 
cortex (Dea^sey and Morison, 1942; Jasper and coworkers, 1955 ), or after 
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extirpation of the rest of the cortex (Henhery and eamvTmrsj 
Conaet^^ntly, it is impossible to 03©lslii the dlffnse bioelectrioal 
reaction of tlae cortex at etlBwlatlon of the reticnlar fo««tioa 


the fact that impulses from the formatio reticularis reach any limited 
part of the cortex and right from there, by means of intracortical 
connections, excitation spreads through the entire cortex. 

It Is pressed that thalaiaic retteular formations of the left 
and right sides are connected uiith one another by means of the massa 
intermedia or by Bsans of subthalamic foraatioasi becatme of l^s, 
at unilateral stimulatiQn of the reticular formation, the cortex of 
both cerebral hemispheres is actimted, as has been said (mhbery 
and coworkers, 195^). 

^us, the cerebral cortex receives excitation impulses, first, 
trm different^ted specific nuclei of the thalB«u8 excited in isolated 
fashion at corresponding peripheral stlmulatloas that I^Bansalt excitation 
into strictly specific limited prolectioa territories of the c^Ptex aaidi 
secondly, fr«xa the so-called "diffuse thalamo-coftical system^’ exslted 
at stimulation of any point of the reticular formation pf the brain stem 
and transmitting excitation into all parts of the cortex. 

Xt Is possible with great probability to think tot the effect 
of to respiratory center cm to cerebral cortex is realised thanks 
to to spread of excltatlcm through to Whole reticular fcmtlon of 


sSze^op^Srove^o^5eas^ai0^ai^^l^^P8Sl043R00ai0ai500^^^^^^^^^B 
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tiie laraln stem aad then throu^ a ‘'diffua© thalamo-cortlcal ayateia” 
to the vhoX© territory of the cerehral cortex. 

Characterlfitlo hloelectrlcal reactioas of the cortex at 
stimulation of the reticular fomatlon. As asaid, in response to 
single stimulations of any point of the reticular formation from 
all points of ;:t}he cortex it is possible to register a responding 
bioelectrical reaction, fhe potentials arising at stimulation of 
the different parts of the reticular formation of the thalamus 
have been studied in detail (p^sipsey and Morison, 194^; Jasper, 
1949] Terz^o, Lindsley, and iiagoua, 1953)* 13ie charaGterlstic 
reaction In response to a shock of stimalatlon is a t«?o-phaae 
potential arising uttb a long Xateat period, !Ehe first phase, 
the positive, usually is ejQnressed and proceeds without 

pause into the negative potential of greater anplltude. At sinking 
the discharge eleotrode more deeply into the cortex the "inversion” 
of the potential occurs at a depth of 1-fi mm. , i.e, the initial 
positive fluctuation ejqpreases regional excitation of Idle neurons 
of the middle and deep layers of the cortex for the most part, and 
the negative fluctuation expresses the regional excitation of the 
elements of the sn^ace layers of the ecsrtex, Uhder the influ^ce 
of strychnine both phases are intensified. At narcosis and at 
asphyxia the negative phase is the first to disappear (Verseano 
and coeorkers, 1953), 








At stiDMlfltion of a given point of tlie rotionUr formtion 
of m thalflMS, responding poteatiale arise in the different 
territories of the cortex miai a different latent period^ for instance 
at etlttulation of the mncX, centr, laed^ the latent period of the 
potential in l^e frontal region of the cortex eq.tials ao Mlliseccffids, 
in the parietal region kO niUlaeconds (jTasp^, 19 ^ 9 ). 

After the responding biopotential ccwisldered^ a Berles of slow 
potentials can arise at a 3^3^^ of 8-:^ p®r second (Jasper, 194*9), 

At repeated sti?»ulatiOiis at a thytte approximtlsg the rhythra 
of the alpha-waves and in response to the first 5-6 shocks of 
stiawlation, a progressive Increase of bioelectrical effects is 
observed, tlfen they weahen with the saiae gradualnegg aiid 
al 3 i»st to nothing^ however, at moeaelog stiaiulatlini, they arise 
agnln after a certain interval of tlBe, gradially increasing to 
reach a naxinuia, and then gjwsidnally di^lndXe to nothing, etc* A 
siadlar phenoaenoa was i^corded by HartoshvlU (1953)> ^ on 
non*narcotlzed aninels with electrodes reanlmted in the snbcortex 
and cortex, at stiamlation of central parts of the stem of the 
brain, ihe periods of time between the /‘spindles” so arising are 
ihe same as the periods of time between the "spontaneous” series 
of ai^**wave0, 

above-described i^ratHxetbtles of the cortical potentials 




"vviSSW-;;;^ 
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arising at Street stlwaatlon of tiie ratlcuXar fOMUtion f«1iy 
eorrespo^ to the site that the respiratory center affects In the 
eerehral cortex throng the reticular foxnatloni 1) strychnine 
potentials arising at the rfiytha of the resplratloi have a weakly 
expressed Initial positive fluctuation; 8) they do not arise In 
different regions of the cortex slnultaneously; 5) after the 
strychnine potential that has arisen under the effect of in^iHses 

ftom the respiratory eenteri a growp of alpha-Blallar waves BOJe- 

tiiaes follows (Fig. 8l); t) finally, periodic intensification 

and ahateasnt of the alpha-waves can arise at the rhythm of tha respiration. 

According to Berltov’s data, the reticular f eiwtlcB of the stem 
of the hraln should come into an active state of each peripheral 
stlawlatlonj toi^ther wllh excltatlcm of certain differentiated nerve 
pathways, nuclei, and centers, excitation occurs of the undifferentiated 
mass of the reticular formation ( 1937 , 1^, etc.), Ws aspect can 
at the present time he considered dessnstrated, since it has been 
established hy histological and electrophyslologlcal methods of 
investljptlon that from all ascending sensory pathways (msdlal plexus, 

lateral plexus), throat ihe whole course of thslr excitation to the 

corresponding thalamic projection nuclei, ceUatemls go out Into ihe 
reticular formation of the stem of the hraln. At stimulation of the 
sciatic nerve and at sound, stlaulatlais, activation occurs of the 
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tfhole reticular fonaation from the ueaulla ohlon^ta to the anterior 


pole of the thalamus (Starzl and ooworkers, 1951b; see also Bremer 
and Terauolo, 1952). !Ehe same vas established in regard to the optic 
system and afferent system of the n, splanchnlcus (see in Yeraeano 
and coeorhersj 1953). Iti most recent Investigations it has been 


Shown that the separate cells of the reticular formation of the 


medulla oblongata are excited at stimiiation of the sciatic nerve and 
of the trifacial nerve (Bauiagarten and cowoitesi 1§^)» 


On the other hand, it has been found that the reticular forsmtion 


of the jsidbrain is activated at electrical stimulation of the gyrus 


ectosylvius and gyrus sujaeasylvius (Breasnand ferzuolo^ 1952), as 


well as at stimulation of the cortex in the region of the cutaneous, 
motor, and optical anaXysors (Bremw* and IJferauolo, 195t), At 
strychninlsation and at electrical stijmalation of ihe motor territory 


of the cortex excitation or inhibitign occurs of the separate cells 


of the reticular formaticui of the DBduUa oblongata (Baumgarten and 


cofsorkers, 1954)* IChus, the reticular formation of the stem of the 


brain is also activated by collaterals from pathways descending from 
the cort^, particularly from the pyiamidel pathway®, (it has been 
clarified, ftrtherwwe, that the reticular foraatlon of the medulla 
oblongata receives afferent fibers from the cerebellum (Baumgarten 
and cowoadtew, 1954), and the reticular formation of the thalamus 
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'' i.goal'WB flliere frw ti« eautot* nuelBUB (Shinaa^o aoJ TeraesaOj 

h'" ■; l^lv) : ‘ ' ■ 

I In response to a single sUmBlation of a» selatlc nerve at 

I relatively ieep tartlturle nsreosls a peculiar ffmeraUaed tloeleotrlcal _ 

' reaetlm of the oort«t is aisdosed! vlth a latent period of ltO -80 

! mUliseconde^ « sXoir potential arises iK )-80 milliseconds in length; 

f in the skin pro^Jection territory of the cortex a priiaftry response, 

setting in with a latent period of 10 miUlsecoads precedes this 
^ potential, A second shock of stimnlatiQB gives an effect at an 

j interval of more than 0,5 miUlsec, , hnt for coB®Xete restoiation 

of the mgnltnde of the effect an interval of 1 sec. ^ more is 
I retnired. At a stimulation frequency of 5 per 8 e«.> the fsaetica 

‘ descrihed (the ’’secondary effect”) arises only in response to the 

; first shock of stimulation. This reaction arises over the vhoXe 

cortex. The reaction is entirely Identical in the hKnisphere in 
question idiether the sciatic nerv§ of the opposite or of the correspond'- 
ing side is stimalated, althou^ the primary mponse is weaker or 
i lacking at ipsilateral stimulation. The latent period of the ’’secondary 

effect” is extrwBely ^oltmged under the effect of ether, ’^dilch generally^ 

quickly removes it. The secondary effect Is similar in chw?acter to 

I ■yte separate ”i 5 ^ontan 80 us” slov potentials arising from time to time 

t (Perhyshlre and coworkers, 1936} Forhes and Morison, 1939 )* 

fc . . ■ , ' ' , ■ ' ' ^ ^ . ' ' ■ ■ 

i ■ ■' ' ■ - ■ ■ ■ ' ■ ' . . ... 

I . ... . , ■ : , . , ; . ' ■ ' ;. '' .• 
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At $asaiaimtioii of 

(1923) it is possible to conclvide that in his ei^rii^nts 
he aetuall^ dealt vlth the generalized ^'secondary responee'' of the 
cortex considered above, having discovered, recorded, and described 
It long before the American investigators (see textpage 135). 

Evidently the “secondary” bioelectrical reaction of the cortex is 
realized by means of the reticular formation of the stem of the brain. 

it Is veil known that under the influence of peripheral 
stimtlatloQs in normal animals found In a sleeping state or singly 
in a state of rest and in li^tly narcotized aninnls & generalized 
reaction arises consisting of this, that relatively slow and infrequent 
fluctuations of biopotential give way to relatively quick and frequent 
ones, i.e« a reaction arises analogous to the reaction of depression 
of the alpha-rhythm in man (Gershuni and Tonklkh, 191^6, 19^9; ^Tsklpuridze, 
1950a j Hhrikashvlll, 1950i Jasper and coworkers, 1955> at al,), In 
the sense of the provocation of this generalized reaction the most 
effective are the pain stiaalationS| less effective are the propriocep- 
tive stii^atlona, still less effective are the sound stliulatlons, 
and optical stimulations have the weakest of all influence (Bemhaut, 
Oellhomi and Basmussen, 1^3). ^ certain coniiti^ peripheral stimula- 
tion can provch:e the paradoxical reaction of the intensifieatlon or of 
the of the alpha.>rhyti3m. fhis was observed in people, for 
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instaacei in a certain stag® of sleep and with schizophreniar 


(Sahhotnik and Shpil*berg, 19^7; Bolthak and Sawaneli, 1952, 195B)* 


in anlirals this was observed in a certain stage of barbituric 


narcosis (Adrian, I9ta). 


lurtheriaore, it was found that stiiauiation of the reticular 


fcnwtion of the stsaof the brain at a rl^hm of 50 - 3 OO per second 


provokes the same reaction in the cortex (Moruszi and Magom, 19 ^ 9 # 


Brener and Tenuolo, 195^)* Hence, Jloruzzi and Magoun concluded that 


the reaction of awakening under the effect of external stimulations 


proceeds through the medium of the reticular- formation of the stem of 


the brain, called the "activating system'' of the brain. This fact 


was also used for such a conclusion, that stimulation of any projection 


nucleus of the thalamus at a rhythm of 50 - 3 OO per second causes the 


appearance of quick potentials only in the corresponding projectioa 


territory, i.e. it does not provoke generalized reaction of the cortex 


(StarzX and cowoz^ers, 1951 bi). Accordingly, the reaction of felling 
asleep and sleep (natural and narcotic) were to be explained by the 


cessation or abatemant of the "iu^ulsation" from the reticular formation 


of the stem of the brain into the cortex. In favor of such a conclusion 


this fact was used, that isolated stimulation of the fore part of the 


reticular formation of the brain stem causes sleep in an animal and 


the picture of electrical activity of the cortex characteristic to 
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slasp. Ho such pheaoasm were observed at isolated sectioa the 
laaia aaeeadiag afferent pathways (Undsiey and coworfcers^ 1950 ). 

However, Bavlov showed iaccaitestahly that sleep can arise 
initially la the cerebral corteat under the effect of exterml conditional 
stimulations provokiai^ a process of inner inhibition, l,e, that sleep 
la an active process of Inhibition in the cerebral cortex (?avlov, 19^6)* 
bats of alectro-enoephalographic investigations of natural sleep in 
animals speak in favor of this (»Lpuridze, 195Cfbj Kogan, 1953, 1955). 

As for the r^^ti^a, of awakening, then, first, the conclusion 
that the generalised reacticm of the cortex under the effect of 
external stimulations sets in exclusively because of the diffuse 
effect from the suboorteX) and does not arise as a result of the 
arrival of afferent iiapuXses to a given projection territory of the 
cort«c, Is in contradiction with the following obs«mtion. In non- 
narcotised dog under the influence of photic stimulation the reaction 
of depression of slow potentials all over the cortex aroaej after 
isolation from one another by section of optic, auditory, and motor 
soi^s of both hendspheres, idiotic stiaulatlc® provoked the reaction 
of depression caay in the optic tism (!Polmasskaia, 191 ^ 9 ). Seconay, 
the coneluslon that the awakenimg of the aniaml under the effect of 
external stlmulatl^Mis occurs exclusively because of diffuse '"iaspulsatlm" 
from the retlcuXar formation and that the arrival of afferent impulses 
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»S6elftc affewmte to certain jsroieeUaa tcrrltortae the 


cortex does not thereby play m kUs, U foaufl, ae Breasr 


notes, in contxadictlon «lth the foXloitlag fact, itoich has already 


■been cited once. After Ulateral stinsflatlon of the anditwy pro3ectt«ffl 


cortical territories, soand stlHUletlMB stop erouslBg ttie anlaal 
(Breaer and leranelo, 1956, 195*f). 

Ihis cardlaal fact, that the arouslaa of a noniBl animl oecors 


under the Influence of such stiaalations as oauee an oriwted reaction 


(Beritov, 1938), coaBletely ignores the auters' concept that arousing 


under ttie eKect of exterjial stiswlatlons occurs exolusiuely because 


of diffuse actlTfatlon of the cort« f«« the reticular fowatioa. 


Ac8ordins3y, in nowl anlBnl generalised reaction of depressiia of 


the sl« potentials in the cortex usually also eots In Mder the 


tnfi'i tyfl of such stlMulatloas as cause oriented reaction. Houovor, it 


is lajpoBsible to consider tbs arouslnffas 'the direct conseauenoe of 


the arrival ^ afferent IbspuImb to the cerebral ocatex. As taoim, 


In ttoml orteated reaction occurs throujSi the cortex, to 


ea^ of ^ cortical ensayaors there are efferent projection neurwis, 


the axons of 1811011 proceed dosnsard into the s^aal cord and nedulla 


AWnTijpta., At tba effect external stlmflatloa of a certain latwisity 
in the carrespiwdinB amlyeor Ihere occura, together slth excitation 


of the different neurons Kith short axso and exoitatiw of the assoolatlwi 
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pyiraadds^ 1^0 ftxoitatlon of pro^octlon HottroB® stiptiXfitlog 


reallaatioji of tli© oriented reaction^ i,e. aoveaeatfi of the head^ 
ears^ aod eyes, iBteasmcatioa of the resplratlcai, etc, (Beritov, 
1946 j Spener , 1952 ) * It has heen desio^trated that the arousing 


begins under the effect of the setting in of an oriented reflex, 


vith reaUsation of idiich a ^ole series of stliaulationB is 


connected, of tfhlch stimulations of the labyrinths and of the 
propriocepti've muscles of the nech have chief in^Ksrtance (Berltov, 
1932)* Ihus^ the reaction of the arousing is connected with 


primary activation of the cortex. 


In this respect the facts obtained by Bre»»r and fmuolo 


(195^) are conclusive: electrical stlaulatian {p£ moderate intensity) 


of different parts of the cerebral cortex provoked the awakening of 
the anlaaX vltdi Its <^ract«riBtic external phenoiaBna and with the 


characteristic changes of the electrical activity of the cortex 


and subcortexi this reaction arose especially easil^jr at stlaalation 


of the sensory-motor territory of the cortex. 


All these data show that the subcortex, particitely the 


reticular formation of the stem of the brain, does, not regulate 


the activity of the cdnrtex. Its role consists of maintaining the 


tone of the cortex and of the ddflalte degree of its excitability, 


as Pavlov oos^uted. 
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At the ipreseat %im not caaly the of eXeep aaS 

hiit aXeo the phenoieoa of otMM^cloueaees bM. perceptioa, are liahed by 
Ao^rlean pl^lologiets vith the aetltlty of the suhcorticaX fomtione, 
priiarily of the »»paln (Berahaut m& eoif<w3ters> 19531 OoUhoni asd 
ctrnmTB^ 195*^). 3ja this respect perticoXarly oharaoteristic is 

PenfieXd^s concept. In X93S Penfleld set) forth a hypothesis^ aecordl^ 

to Tfhioh the highest level of Integraticai is found in the oidbraln and 
not in the cei«hx«l cortex. Bi 1950 and in 195^ this poslticm m already 
prated as a iibsors of locaUzatioa of consciousness in the jnidhraln 
(lenfield and Bastusseni 1950, 1958)* 

Bi ifevlov’s lahoratories it tms deawnstrated that in hi^r 
aninals^ after renoval of the ces^hral cortex, all conditioned-reflex 
activity sas lost and nsfs coaditloned reflexes did not forau 1!huB| 
the aidhrain discloses no visible eapaciV ^ foraation of conditioned 
coaneetions. Eence, an itoiaal after rwaoval of the cortex, possessing 
according to tefleld '*hi^r levels of integration’*, proves entirely 
devoid of ’’psycMsm", only Inbm reflexes are preserved in it, and 
after hundreds of associations elaboration is possible for Just 
simplest reactions of adaptation (lopov, 1953) ♦ As said, at removal 
of the cortical end, for iastanoe, dT the at^t<aey analysor, conditioned- 
reflex activity to auditory stinwlaiions becomes iaposslble. 

fhe facts Obtained by Pearfield at stiaalatlon of the owrebral 
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cortex in men can eem m a good argusiBat for thls> that eonacio^ness 
Is comwoted, vlth the activity of the cerebral cortex, but 

then Just such a conclusion should be unde on the basis of the fact 
that direct electrical stlaulation of the surface of the cortex can 
regularly provc&e one or another perception. 


(End of Bart I) 
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pp. 111-138, Blsdgla, 1^9, 

1,G. IfrOflinov and V.S, Eaevskil. Changes of Chrajajda of the 
Motor Zona of the Cerehral Cortex of Dog at Stinaitatlon of the Central 
End of the H. TOgo-syi^athlci. Pialolog. shorn. SSSB, 24i 519-522J 

1938. 





Sanitized Copy Approved for Release 2010/01/11 : CIA-RDP81-01043R000100150004-6 





A.A. IMtojaskli ( 19 II). On the Dependency of Cortical Motor 
Effects on Secondary Central InfXtieaces* Sohr. met, , ij 3 l-*l 6 g; 
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